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c. Nature of bed , 

d. Nature of banks 

14. Existing installations: 

a. Purification facilities (sedimentation tanks, chlorinating ap- 
paratus, filter, etc.) . 

b. Pumps: 



Type 


Size 
(horse- 
power) 


Speed 
(revolutions 
per minute) 


Intake con- 
nection 
(size and 
type) 


Discharge 
connection 
(size and 
type) 


Capacity 
(S&llona 
per day) 



























c. Engines: 



Type 


Size (horse- 
power) 


Speed (revo- 
lutions per 
minute) 





















d. Electrical equipment. 



e. Storage facilities: 



Type 


Elevation 
(feet) 


Capacity 
(gallons) 





















/. Pipe line layout (draw sketch showing arrangement, kind, 
lengths, and sizes of pipe, elevations, and heads of water) : 

g. Condition of existing installations 
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15. Proposed development: 

a. Description ^. 
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b. Material available 



c. Material required. 



d. Man-hours required 



(Signature) 



(Grade and organization } 

Note. — Back of sheet may be used for sketches or additional 
information. 

The following instructions should be printed on the reverse side 
of the form: 

INSTRUCTIONS FOR TAKING SAMPLES OP WATER 

If sample is to be used for chemical examination only: 
1. Use a clean glass bottle, holding from 2 quarts to a gallon, 

with a well -fitting stopper or a dean, unbroken cork. 

3. Rinse out the bottle two or three times with the water to be 

sampled. 

3. In sampling a well, support the bottle in a string or wire 
cradle, weighted at the bottom. Lower the bottle until the neck 
is 2 or 3 inches below the surface, it is advantageous to attach 
the stopper to a separate string, so the bottle can be opened below 
the surface of the water, in sampling a stream or pond, hold the 
bottle so the neck is well below the surface. Allow the bottle to fill. 

4. Insert stopper or cork, stretch a clean cloth over it, and tie 
down the cloth below the flange of the neck. 

5. Label the sample. 

If the sample is to be used for bacteriological examination: 

1. Use a sterilized bottle and stopper. Never use corks. 

2. Avoid touching the neck of the bottle or the stopper with the 
fingers. 

3. Before removing the stopper and after filling, the neck of the 
bottle should be held in a clean flame (alcohol torch) and heated 
to just over the boiling point of water (212° P.) . 

Precautions. — Never let the water entering the sample bottle 
flow over the hand. Before taking a sample from tlie spout of a 
pump or from a tap, allow water to waste for a time. 
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Section III 

DEVELOPMENT OP SOURCES 

■ 211. Development of Stjkface Sources. — a. General.— The 
methods of developing surface sources will depend on the 
amount of water required and may vary from an improvised 
water supply point installation to the construction of a large 
pipe-distribution system for the supply of a semipermanent 
camp or general hospital. 




DRIVEN. 

Figure 123. — Design for a small dam. 

b. Dams. — Small dams are often constructed to provide 
bathing facilities for men or to provide storage to facilitate 
the suction of water by pumps. Such dams are ordinarily 
limited to not over 5 feet in height. A type design for a small 
dam is shown in figure 123. 
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c. Development of springs.— H a spring is to be developed 
as a water source, a substantial collecting basin is required. 
A watertight timber casing may be used, but will be objec- 
tionable if permitted to decay. Concrete or galvanized iron 
is preferable. Watertight walls should extend 1 or 2 feet 
above and below the surface to prevent the entrance of sur- 
face wash. Small springs may be developed by setting a 
length of large concrete, iron, or vitrified pipe in the ground 
vertically over the spring. A cover should always be pro- 
vided to keep out dust, leaves* sticks, and small animals. 
Every care should be taken to guard against pollution, par- 
ticularly such as might occur from dipping buckets or dippers 
into the spring, and the water should be taken by a pipe to 
the storage tank or point of delivery. 

■ 212. Increasing Yield of Existing Wells. — a. An inade- 
quate yield usually results from insufficient supply or from 
the slowness with which water Is given up by the water- 
bearing strata. In clay and the denser varieties of till, water 
is given up slowly, and the amount of water in a well is more 
or less proportional to the area of surface exposed. Conse- 
quently, in such formations large wells are desirable. Large 
wells are also desirable in rocks in which water occurs in 
pores rather than in open passages. The depth of dug wells 
is important in providing increased storage. In some cases, 
where the water table has sunk, deepening alone will increase 
the yield sufficiently. 

b. In deep wells the use of explosives shatters the sur- 
rounding rock and may result in opening other water-bearing 
crevices. Explosives are most effective in hard, brittle rocks, 
such as limestone, and least effective in soft, tough shales. 

c. Packing with gravel is useful when the material sur- 
rounding the well is so fine as to clog the flow. Pebbles may 
sometimes be dropped into the well and forced out into the 
surrounding clay with a drill, until a pocket is produced per- 
mitting flow. The yield of wells in unconsolidated sands may 
often be increased by removing sand from around the strainer 
and substituting selected graded gravel. A coarse strainer is 
required, and the effective diameter of the well becomes that 
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of the gravel pocket. The usual method of packing with 
gravel consists of pumping out sand through an inner casing 
and simultaneously feeding in gravel between an inner and 
outer casing. This means of increasing yield is most appli- 
cable to shallow wells in fine sands. 

d. A gradual reduction in the flow of a deep well may be 
due to a drawing off of the general supply in the area, deteri- 
oration of the well from clogging of the screen, entrance of 
sand to working parts of a pump, or leakage of the well from 
corrosion of the casing. 

■ 213. Selection Of Type of New Well. — a. Types 0/ wells, — 
(1) A dug well consists of a vertical shaft 3 to 6 feet in diam- 
eter. Dug wells are usually constructed by hand labor. In 
soft ground they may require a lining. 

(2) A driven well is constructed by driving into the water- 
bearing strata an Iron pipe equipped with, a strainer at its 
lower end. Either a closed-end (point) or open-end type of 
pipe may be used, 

(3) Drilled wells, lYz inches or more in diameter, are used 
in harder materials or where the depth is too great for driv- 
ing. Sections through strata from which undesirable water 
might enter require an iron casing. 

(4) Bored wells, 4 to 8 inches in diameter, are sunk with 
hand or power-driven augers. They can be put down through 
loose material and the harder clay formations, but cannot be 
constructed in soils containing large boulders or rock strata. 

5\ Deptfo to vxtter. — The depth to water is of primary im- 
portance in determining the type of well. A dug well is 
usually only suitable for depths less than 30 feet. Driven 
wells are most suitable at depths of less than . 150 feet, al- 
though at times they are carried to 300 or even 500 feet in 
suitable material. Bored wells are usually not carried more 
than 100 feet below the surface. Drilled wells may be carried 
to any depth, but in granite rock, if water is not found within 
300 feet, it is better to try a new locality. 

c. Character 0/ water-bearing material. — Sand will furnish 
large supplies of water while chalk or clay, although possibly 
containing more water, will yield little Or none. Quicksands 
contain, large amounts of water but, owing to the ready flow 
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of the fine sand through crevices, dug wells are impossible, 
and driven wells, unless equipped with special fine -mesh 
strainers, become clogged. Drilled or driven wells sunk by 
men familiar with the methods of handling quicksand and 
equipped with special strainers are usually the only types suc- 
cessful in such material. 

d. RocJc structure. — In loose materials, water accumulates 
most easily in stone-lined, uncemented dug wells, and some- 
what less readily in tightly-lined dug wells with open bottoms. 
If the materials are so consolidated as to prevent their enter- 
ing the well, suitable water may be obtained from an iron 
casing open at the bottom. In soft materials perforated cas- 
ings or screens are necessary. In the harder rocks, casings 
are unnecessary except to prevent entrance from undesirable 
levels. 

e. Storage. — The amount of storage in a well is important 
when the rate of flow is low. Storage capacity varies as the 
square of the diameter. For example, a 3-foot well will hold 
36 times as much water as a 6 -inch well. Dug wells are 
advantageous in any material where water enters more slowly 
than it can be lifted by the pumps. In rock, only small bore- 
holes are practicable; but, if the flow is Inadequate, such bore- 
holes may be enlarged and deepened below the entrance point 
of water. 

/. Usual types of well. — Since bored and drilled wells are 
useful only under special conditions, dug and driven wells are 
the types ordinarily used for military water supply, particu- 
larly in open warfare. 

■ 214. Dug Wells. — a. Construction. — (1) Dug wells are 
usually excavated with pick and shovel. A windlass and 
bucket must be provided for lifting out the excavated ma- 
terial. The size of the shaft depends on the amount of storage 
required, the type of lining, and the method of raising the 
water. Shafts using a windlass and bucket require a diameter 
of at least 4 feet. Where considerable storage is required in 
shallow wells, diameters of from 15 to 20 feet may be called 
for. It is usually desirable during excavation to install the 
permanent pump for use in removing water. 

(2) Linings may be of brick, masonry, timber, concrete, or 
galvanized iron, depending on the diameter of the well, the 
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character of the soil, and the time and material available. 
For field use, timber is the most useful and shafts may be sunk 
as in mining operations. (See FM 5-15.) The top of the well 
should be secured from pollution by raising the lining above 
the ground level and covering the opening. For temporary 
use the top may be of timber with an impervious cover, but for 
semipermanent construction a concrete top should be pro- 
vided. A manhole should be provided with the cover set on a 
curbing. A sleeve and gasket can be employed to protect the 
pump hole from waste water. The lining of the well should 
be watertight for at least 6 feet below the ground surface. 
(See fig. 124.) 

Troaf h far filling water 
carts &. canteoi filter 




Figxtre 124.— Development of existing well. 

b. Infiltration galleries. — An infiltration gallery is a modifi- 
cation of a dug well in which the ground water at moderate 
depths is intercepted by galleries extending across the line of 
flow. Such galleries are usually constructed in an open 
trench, and are arranged to lead the water to a pump well. 
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■ 215. Driven Wells, — a. Location. — When several wells are- 
to be driven they are located so as to be in a line across the 
direction of underflow. In this way the maximum flow may 
be intercepted without interference between wells. 

}y. Construction. — (1) Driven wells are constructed by driv- 
ing pipes into the ground with a maul or a driving machine, 
sometimes with the assistance of a jet or "wash drill." The 
pipes are usually x /\ to 3 inches in diameter (2-inch is the 
most common size), and the screens 2 to 4 feet long. New 
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Figure 125. — Construction of driven well. 
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sections are screwed on as the pipe is driven. A portable and 
very simple arrangement for constructing driven wells is 
Illustrated in figure 125. This arrangement is entirely suit- 
able for moderate depths. A hollow cast iron monkey slides 
over a bar which is supported vertically by the tube to be 
driven. By means of two ropes passing over pulleys at the 
top of the bar, the drop weight may be alternately raised by 
hand and allowed to descend by gravity, striking a blow on 
an attached clamp or cap fitted to the upper length of well 
tubing. 

(2) In a closed-end well, a drive point slightly larger than 
the pipe is used. A perforated section is provided above the 
point. 

<3) Open-end wells are constructed by driving a plain pipe 
which may or may not have a heavy driving shoe attached. 
The material inside is removed by a sand pump or by a water 
jet forced down a small pipe inside the driven pipe. The pipe 
is perforated either before driving or by special tools after 
driving. A perforated . strainer section about 2 feet long 
should always be used even if the bottom of the well is open. 

(4) As a safeguard against pollution the casing should be 
thick enough to resist corrosion, should have tight joints, 
and should be carried above ground level. If located in a 
stream valley, casings should be carried above flood levels. 

Section IV 

PURIFICATION 

■ 216. General. — a. (1) All water, whatever the source, should 
be considered dangerous until it is tested and designated as 
safe. Regardless of contamination, however, water should 
be disinfected before being used for drinking purposes. 

(2) Water suspected of being contaminated with gas or 
chemicals must not be used until passed by the Medical De- 
partment. 

b. Unsatisfactory quality of water may be due to — 

(1) Pollution (bacterial contamination). 

(2) Chemical contamination. 

(3) Turbidity. 

(4) Disagreeable color, taste, or odor. 

(5) Hardness. 
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c. The purpose of water purification is to remove such of 
the above unsatisfactory conditions as may be necessary. 

d. The common methods of water purification and their 
effect on the quality of water are tabulated in table LIX. In 
military practice any one or combination of these methods 
may be used. 



Table LIX.— Methods of tvater purification 



Method 


Effect on quality 


Sedimentation 


Reduces turbidity and some forms of bacterial contamination; 
decreases some forms of color, if a coagulant is used. 


Filtration. __ 


Removes turbidity and some forms of bacterial contamination 
and color. 


Disinfection 


Destroys most bacteria. 


Softening , 


Removes or reduces hardness. 


Activated carbon 


Eliminates certain tastes and odors; reduces chemical contam- 


treatment. 


ination due to dissolved gases. 


Aeration, 


Reduces odors and tastes due to dissolved gases; removes 
objectionable gases such as COj and adds oxygen for oxidiza* 
lion of ferrous iroa to assist in its precipitation. 



B9 217. Sedimentation. — a. Sedimentation will occur by the 
action of gravity alone in any quiet body of water. In a pond 
or reservoir water is often clarified in from 1 to 3 days. 
Should the suspended matter be composed of finely divided or 
colloidal clay, it may remain in suspension indefinitely. In 
water purification it is customary to use a coagulant, such as 
alum (AI2 (S04>3), to form a gelatinous precipitate (called 
floe) which unites with the finely divided matter to form 
larger masses. This facilitates removal of suspended mate- 
rial either by sedimentation or filtration. For average sur- 
face waters, 0.14 to 28.5 pounds of coagulant to 100,000 gal- 
lons of water will produce satisfactory coagulation. When 
adding the coagulant, sufficient agitation to insure thorough 
mixing with the water is essential. 

&. Alkalinity and acidity of waters are ordinarily measured 
in terms of the concentration of hydrogen ions. This is con- 
veniently expressed by a scale known as pH values. The 
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more alkaline a solution becomes, the higher is its pH value; 
and conversely, the more acid a solution becomes, the lower 
is its pH value. A pH value of 7.0 indicates a neutral solu- 
tion such as pure water. A simple test set, utilizing a stand- 
ard color disk and a special dye solution, is available for de- 
termining pH values In the field. 

c. For any given natural water there is a narrow range 
of alkalinity or acidity (pH values) within which alum will 
react to produce satisfactory coagulation. This range of pH 
values varies with different waters, depending on the electro- 
chemical characteristics of the dissolved and suspended mat- 
ter carried by the natural water. The range is determined 
for each case by adding either acid or alkaline admixtures to 
the raw water until an admixture is determined which, in 
reaction with the alum, results in the most effective clarifica- 
tion of the water. In commercial practice sulphuric acid 
(H2SO4) is used to reduce alkalinity, while hydrated lime 
(CA(OH)2) or soda ash (NaaCOa) are used to increase alka- 
linity. In the field, however, when the raw water is more 
alkaline than desirable, it is customary to add alum (which 
is an acid salt as well as a coagulant) to bring the pH value 
down to the range within which good coagulation will occur ; 
and when the raw water is more acid than desirable, soda ash 
is added to increase the pH value of the water to the range 
within which alum will react to produce satisfactory coagula- 
tion. 

d. When sedimentation is to be followed by filtration, com- 
plete clarification in the sedimentation basin is unnecessary, 
and better results are obtained when a small amount of the 
floe is carried to the filters. In the event that the water is 
not to be filtered, the water should be allowed to settle until 
clear. If this requires longer than 4 to 6 hours, clay or 
similar material should be fed with the coagulant to form 
nuclei on which the floe will form. 

e. When water is to be distributed by metal pipe or retained 
for long periods in metal containers it is desirable that a 
chemical balance be developed in the water such that a small 
amount of calcium carbonate (CaCOa) is deposited as a pro- 
tection against corrosion. This balance is sometimes obtained 
during sedimentation and filtration without any other treat- 
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ment, but usually it will be necessary to add soda ash before 
the water is distributed. When there is a deficiency of cal- 
cium it may also be necessary to supply calcium by adding 
hydrated lime. 

■ 218. Filtbation. — a. Sand filters are of the following' types: 
CI) Slow. 

(2) Rapid. 
(a) Gravity, 
(o) Pressure. 

&. Slow sand filters are designed to filter water which has 
not been subjected to any treatment with a coagulant. The 
construction of this type of filter is impracticable in the field 
on account of the size of plant and the time required, but such 
filters already in use may be taken over. Their capacity 
ranges from 2 million to 6 million gallons per acre per day. 

c. Rapid sand filters make use of coagulants to assist a bed 
of carefully graded filtering material in removing suspended 
material from the water. Such filters may be improvised in 
the field for the supply of a semipermanent camp or other 
fixed establishment. 

d. A pressure filter is a rapid sand filter to which water is 
applied under pressure. This method of purification is used 
in the purification truck. 

e. In emergencies small quantities of water may be clarified 
by filtering through a blanket. 

■ 219. Disinfection. — a. Disinfection before distribution. — 
(1) Water Is usually disinfected by the application of some 
form of chlorine. In military practice a residual chlorine 
content of 1.0 part per million (by weight) is used to counter- 
act pollution which may occur between the time of treatment 
and final use. This may require the addition of 2.0 or more 
parts per million of chlorine (about 17 pounds of liquid chlo- 
rine per 1,000,000 gallons) initially, since part of the added 
chlorine is dissipated in reaction with organic matter con- 
tained in the water. 

(2) Sodium and calcium hypochlorite compounds are the 
most common chlorinating agents used in the field. These 
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chemicals contain about 60 percent chlorine. Hypochlorite 
is usually first dissolved in a small container of water, the 
solution then being- added to the water to be treated in what- 
ever proportion is necessary to produce a residual chlorine 
content of 1.0 part per million. Thorough mixing of the 
solution in the water to be treated is essential. 

(3) Liquid chlorine may be applied to water by means of a 
chlorinator. In the solution type chlorinator a quantity of 
chlorine gas is dissolved in water under pressure. Then this 
solution is fed from the chlorinator into the water to be puri- 
fied. Dry feed chlorinators, such as are used on the purifica- 
tion truck, feed the dry chlorine gas direct to the water 
through diffusers. They have the advantage that water 
under pressure is not required for their operation. 

(4) An improved method of water treatment, known as the 
ammonia-chlorine (chloramine) treatment, permits a high 
and sustained residual chlorine content without the develop- 
ment of chlorous taste. The ammonia is usually applied as 
an anhydrous gas, but aqua ammonia, ammonia alum, or a 
solution of ammonium sulfate may be used. As a general 
rule the ratio of ammonia to chlorine averages about one to 
three, but where taste is not objectionable and disinfection 
only is sought, the ratio is adjusted to provide the maximum 
persistence of residual chlorine. The purification truck and 
the portable purification unit utilize a modification of this 
treatment, and obtain some of its advantages by the use of 
a coagulant. 

(5) When water has been overchiorinated, sodium thiosul- 
fate (sodium hyposulfite) or activated carbon (see par. 221) 
can be used to remove the excess of chlorine. This is needed 
only in cases where the taste of chlorine is so objectionable to 
troops as to cause them to drink from unpurified sources. 
Dechlorination is always inadvisable until the water has 
passed all stages where contamination is possible. There is 
no reason to believe that any amounts of free chlorine ob- 
tained by methods used in the purification of water are in the 
slightest degree harmful. It is desirable, however, to keep 
the free chlorine down to 2.0 parts per million or less. 
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Where tests are possible it can easily be kept to 1.0 part per 
million. 

b. Disinfection by using organization. — (1) Individual or- 
ganizations may disinfect their own water by means of the 
standard capsules of hypochlorite issued by the Quarter- 
master Corps. Ordinarily one capsule, dissolved first in a 
canteen cup of water, is added to the water contained in a 
sterilizing bag CLyster bag). The water is then thoroughly 
mixed, and the faucets of the bag flushed out. When gross 
pollution is suspected, two or more capsules per bag should 
be used. The water will be ready for use 30 minutes after 
mixing. 

(2) Tincture of iodine may be used to disinfect water in 
an emergency. Two and one-half teaspoonfuls of standard 
7 percent tincture of iodine is sufficient for one Lyster bag. 
Two drops of iodine are used to the quart of water in a 
canteen. The water will be ready for use 30 minutes after 
mixing. 

(3) Boiling for 10 minutes may be used for sterilizing small 
quantities of water. Aeration, obtained by pouring from one 
container to another and back again, will improve the taste 
of water that has been boiled. 

■ 220. Softening. — a. Hardness in water is mainly due to 
the bicarbonates and sulfates of calcium and magnesium. 
Any hardness whatsoever is undesirable when water is to be 
used in boilers or laundries. Water containing hardness re- 
sults in excessive soap consumption. Two hundred and fifty 
parts per million or more may not affect the suitability of 
water for drinking purposes. 

&. The removal cf hardness due to bicarbonates can be 
effected by prolonged boiling. Softening of water containing 
other hardness -producing chemicals can be accomplished by 
precipitation. To remove the carbonates, hydrated lime 
<Ca (OH) 2) is added, precipitating calcium carbonate or 
magnesium hydroxide. To remove the sulfates, sodium car- 
bonate (NaaC03) is used (lime must be added in case of 
magnesium sulfate) , producing sodium sulfate. When both 
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bicarbonates and sulfates are present, crude caustic soda 
CNa OH) may be employed, in which case the final precipi- 
tate is calcium or magnesium carbonate. Hardness may also 
be removed by percolation of the water through special 
softening compounds known as zeolites, 

■ 221. Activated Carbon. — Activated carbon (hydroarco or 
aqua nuchar) absorbs tastes and odors from water. Under 
the direction of water supply technicians it may be useful 
in purifying water which has been subjected to chemical con- 
tamination. Activated carbon is ordinarily applied in a mix- 
ing basin prior to sedimentation, either separately or together 
with the coagulant. 

Carbon is often applied in the form of black alum or acti- 
vated alum (alums to which activated carbon has been added 
during manufacture) . Carbon also is sometimes used as a 
filtering material. The usual dosage of activated carbon 
ranges from 0.5 to 10.0 parts per million, 

■ 222. Small Purification Plants, — Small purification plants 
can be improvised in the field as shown in figure 126, The 
coagulant solution is made up in tank A and added to the 
water as it is pumped into tank B from the stream, so as to 
be thoroughly mixed. The water should stand in tank B 
until clear. Clear water is drawn off into tank C, and suf- 
ficient hypochlorite solution is added to leave a residual chlo- 
rine content of 1.0 parts per million. The water is mixed 




CinyJ$SedtMen- 
* tjtton Tank-) Cj>rtrJ>6 Sftnfua- 
, — --, n* • , „, hon 

ttend 'Pomp 

Pigttre 126.— Improvised purification plant. 

thoroughly and after standing 30 minutes can be pumped 
to the storage tank X>. The outlet pipe of tank B should, 
be 4 inches above the bottom of the tank. There should be 
a depression at one end, S, to act as a sump for cleaning, and 
the tank should slope slightly in that direction. Sludge can 
be removed with a hand pump and a little water. The stand- 
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ard 3,000-gaIlon canvas tank can be used at B, C, and D and 
connections made with hose or pipe. If the water require- 
ments are greater than 3,000 gallons in 12 hours, additional 
sedimentation tanks can be used. 

■ 223. Standard Purification Units. — a. Purification truck. — 
(1) This truck (known as the mobile purification unit) car- 
ries a purification unit consisting essentially of a 4-cylinder, 
gasoline engine driven, self-priming, centrifugal pump; dry 
chlorine feeder; 42-inch pressure sand filter; alum and soda 
ash pots; and necessary piping, hose, and laboratory facili- 
ties. The unit (model M3) has the following technical 
characteristics: 

Gross weight 8 tons. 

Rated capacity of pump_. 100 gallons per minute 

against a total head of 90 
feet (including 20-foot 
suction lift). 
Approximate capacity of 70 gallons per minute, 
unit when filtering av- 
erage water in the field. 

Suction intake 2V 2 inches. 

Discharge opening 2 inches. 

Truck type 2^ -ton, 6x6, standard 

quartermaster truck. 
(2) The truck has laboratory facilities for making the 
following water tests: 
Turbidity. 

Alkalinity or acidity (pH value) . 
Chlorine content. 

Xf. Portable purification unit. — (1) This unit consists of the 
following two sections : 

(a) A 17-inch pressure sand filter and carrying handles 
and necessary piping. 

(Z» A pumping unit consisting of a one-cylinder gasoline 
engine driven, self -priming, centrifugal pump; calcium hypo- 
chlorite solution feeder; alum and soda ash pots; and neces- 
sary piping and tool boxes (all inclosed and mounted in a 
tubular steel frame). The unit (model 1940) has the follow- 
ing technical characteristics: 
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Gross weight 750 pounds. 

Rated capacity of pump__ 50 gallons per minute against 

a total head of 50 feet 
(including 15-foot suction 
lift). 

Approximate capacity of 10 gallons per minute, 
unit when filtering 
average water in the 
field. 

Suction and discharge V/ 2 inches, 
openings. 

Transportation May be carried in any stand- 
ard truck or trailer of x h~ 
ton capacity or larger. 

(2) Accompanying the portable unit are facilities and in- 
structions for making the following water tests: 
Alkalinity and acidity (pH value). 
Chlorine content. 

Section V 



PIPE DISTRIBUTION 



■ 224. Distribution Systems. — a. There are three general 
systems of pipe distribution: 

(1) Gravity distribution. 

(2) Direct pumping. 

(3) Indirect distribution. 

b. In the gravity distribution system, mains are supplied by 
gravity alone, and no pumping is necessary. 

c. Direct pumping is usually undesirable because of the 
danger of pump failure. Where it is used, a relief valve must 
be placed at the pumping station to provide for the possibility 
of valves being shut on the line. Duplicate sets of pumps 
should be provided, when possible, for use in case of break- 
down. 

d. In indirect distribution, water is first pumped into a 
storage tank from which distribution is effected by gravity. 

e. A comparison of the three systems of distribution will 
usually indicate the adoption of gravity distribution where it 
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can be utilized. Gravity and indirect distribution provide the 
following advantages over direct pumping: 

(1) Greater reliability, 

(2) A constant head. 

(3) Storage to provide for unexpected variations in de- 
mand. 

(4) Less trouble from water hammer. 

■ 225. Pipe. — a. Standard pipe. — One-inch, 2 -inch, and 4- 
inch pipes should be standard. The 4-inch size can easily 
supply 100,000 gallons a day and, by repumping, the water can 
be carried forward indefinitely. The 2 -inch and 1-inch sizes 
are suitable for laterals to water points and for other distri- 
bution. Occasional need may arise for 6-inch and, in rare 
instances, for larger sizes in bringing water a considerable 
distance for a large camp. Universal joint and bell-and- 
spigot cast-iron pipe with lead-wool joints are used to some 
extent. Screw- joint pipe is found to be satisfactory, except 
that occasional trouble develops from crossed threads or from 
insufficient screwing when laid by unskilled men. 

Special fittings vary greatly with conditions, but should 
include 45° and 90° elbows, tees, bushings, plugs, nipples, 
valves, couplings, and saddles. 

&. Rate of laying pipe. — This depends on the accessibility 
of the pipe line location to supply trucks. However, with a 
platoon of trained men under good conditions, 4 miles of 
4-inch pipe can be laid in a day, assuming that the trench 
is dug by other troops. 

H 226. Pipe Plow Computations. — a. Manning formula. — 
The Manning formula for flow in open channels is: 

1486 m i 

v = r 2 ' s si 

n 

When used for flow of water under pressure in pipes, it is 

made more conveniently applicable by substituting ^ for r, 
as follows: 

Jl 
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Formulas 2 and 3 are convenient forms of the Manning 
formula for solving for discharge and head loss due to pipe 
friction. 

0 = 0.46^- (2) 
H ( =2.87n«i£ 8 (3) 

In these formulas: 

u=Mean velocity of water in feet per second. 
d=Diameter of pipe in feet. 

r=Mean hydraulic radius = 
i=Length of pipe in feet. 

Hi=Loss of head due to friction in feet in length I. 

s=Mean slope of hydraulic gradient in distance =~f m 
Q ^Discharge of pipe in cubic feet per second. 
n^Manning coefficient of roughness, varying directly 
with the degree of roughness of the pipe. The 
value for cast iron pipe commonly falls between 
0.013 and 0.015, with extreme values of 0.011 and 
0.017. 

b. Nomograph. — A nomograph based on the Manning 
formula is given in figure 127. A straight line on the 
nomograph, determined by given values of any two variables 
in the Manning formula, will pass through corresponding 
values for the other two variables. 
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Ftcuee 127. — Nomograph for solving the Manning formula. 
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Tabus LX. — Equivalents and constant. 1 ; 



Value 


Equivalent 


Acceleration of gravity (s) - _ _ . . . 


32.2 feet per second. 


1 atmosphere , 


2G.9 inches of mercury. 




33.9 feet of water. 




14.7 pounds per square inch. 


1 cuhic foot of water 


62.4 pounds. 




7.48 gallons. 


1 cubic foot per second 


449 gallons per minute. 




64fi,000 gallons per day. 


lday 


1,440 minutes. 




8fi,4O0 seconds. 


1 foot of water w _.. 


0.434 pounds per square inch. 


1 United States gallon 


231 cubic inches. 




0.134 cubic foot. 




8.35 pounds of water. 


1 gaDon per minute — _ . 


1,440 gallons per day. 




0.00223 cubic foot per second. 


1 horsepower 


5.50 foot-pounds per second, 




0.746 kilowatt. 


1 kilowatt - - - 


1.34 horsepower. 


1 pound per square inch _ 


2.31 feet of water. 



Section VI 

REQUIREMENTS AND EQUIPMENT 

■ 227. Requirements. — The water supply provided for civil 
consumption in most regions rarely is sufficient for military 
needs. It is estimated that when troops are massed for an 
advance, about 150,000 gallons of water are required per day 
per 20 square miles occupied. Table UXl gives per capita 
consumption of water under average conditions: 
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Table LXI. — Daily water consumption In gallons 

Note. — These estimates must bo modified according to circumstances, especially 
in hot climates. The requirements of the maximum month may exceed those of the 
average month by from 14 to 40 percent. 



Unit consumer 




M alio 113 




Conditions of rise 


per unit 


Remarks 






per day 
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\ 
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Minimum 


1 


Drinking and cooking 
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washing. 




Temporary camp 


lo 


Includes also bathing 
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30 














Permanent camp 


50 
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10 
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Mountainous country. 


3-4 to 1 


Depends on size of 








Wlll\.iX^. 


Locomotives (consump- 


- — — . — — . 

Standard military 


33,000 


150 gallons per train 


tion jwr locomotive). 






mile. 




Commercial 


50,000 


200 gallons per train 








mile. 


Shower bath.. 


Semipermanent build' 


300 






in^s (consumption 








per fixture). 






Water closet 


, __.do___. 


if) 




Lavatory, basin or sink. 


do 


20 




Urinal 


do — 


40 
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■ 228. Equipment. — The distribution of water supply equip- 
ment to engineer units can be obtained from current Tables 
of Basic Allowances, Corps of Engineers. 

Section VII 
SUMMARY 

■ 229. Summary — a. Water is procured locally by using or- 
ganizations wherever practicable. When local supplies are 
limited or unsatisfactory, engineer personnel install and 
operate such water supply facilities as are necessary, 

b, Responsibility for the duality of water supplied to troops 
in the theater of operations to include delivery to the point 
where it is distributed to using organizations rests with the 
engineers, assisted as may be necessary for laboratory ex- 
amination by attached medical personnel. The handling of 
water in organization water containers and sterilizing bags, 
and in the canteen of the individual enlisted man is a re- 
sponsibility of the organization commander, acting with the 
advice and assistance of attached medical personnel. 

c. Engineers, in cooperation with the Medical Department, 
should recommend to their tactical commanders the meas- 
ures to be taken for enforcement of water discipline. 

(f. General engineer troops normally execute all engineer 
water supply tasks, except those involving the transportation 
of water by truck or railway and the operation of purification 
trucks. General engineer troops are responsible for making 
necessary water reconnaissances within their respective areas. 

e. Wide dispersion of water supply establishments is 
effected wherever possible, 

/. Water supply establishments require extensive camou- 
flage measures. 

g, A carefully developed plan of traffic control must be 
enforced at water supply points. 

h, Water supply work in forward areas is taken over by 
engineers of rear echelons whenever time and existing condi- 
tions permit, 

i, several small water supply points will serve better than 
a few large ones. 
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All water, whatever the source, should be considered 
contaminated until it is tested and designated as safe. Re- 
gardless of contamination, however, water should be disin- 
fected before being used for drinking purposes. Water sus- 
pected of being contaminated with, gas or chemicals must not 
be used until passed by the Medical Department. 



248037° — 40 24 365 



CHAPTER 8 



ELECTRICITY 



Paragraphs 



Section I. General 

II. Military requirements, 
in. Reconnaissance 



230-234 
236-238 
23fr-242 



Section I 



GENERAL 



B 230. Military Application of Electricity. — The providing 
cf electricity by combat engineer troops in the field is usually 
limited to supplying lighting systems for their own units and 
lor headquarters of divisions and higher units, Nondivisional 
or special engineer troops install electrical facilities for hos- 
pitals and depots, power systems lor operating shops or port- 
able electrical machinery, and facilities for other miscellane- 
ous purposes. 

■ 231, SotJBCES of Electricity. — As a general rule, the Army 
will use commercially produced power when the availability 
and characteristics of such power make it adaptable to the 
electrical machinery employed. In the field, all arms and 
services furnish power for their own uses. 

■ 232. Equipment. — The items of light and power equipment 
procured and stocked for the use of the field forces are 
limited to special military items and some standard com- 
mercial items, including generator sets ranging from iy 2 to 
about 750 kilowatts, motors ranging from >/ 4 to about 30 
horsepower, single-phase transformers ranging from 5 to 
about 200 kilovolt-amperes, and other common articles of 
miscellaneous electrical equipment. Both alternating and di- 
rect current machines are used, depending principally upon 
the availability of suitable current and machines. For cer- 
tain special purposes, such as antiaircraft searchlights, direct 
current is essential. In the case of the searchlights, the cur- 
rent is provided by a power unit for each light. 
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■ 233. Standard 5-kva Portable Generator. — a. Descrip- 
tion. — The standard 5-kva set is a portable alternating cur- 
rent generator,. Its source of power is a 4-cylinder gasoline 
engine. Both the engine and generator are mounted on a 
common base and axe connected by two couplings and flex- 
ible discs. The unit is normally carried on a l*/ 2 -ton truck, 
and can be manhandled on and off by eight men, although 
skids and tackle are preferable. It is desirable that two men 
be detailed to operate this unit, although it is possible for 
one to do it alone. 

b. Location. — A portable generator set should be located 
as near as possible to the load it supplies, and if possible, 
within a shelter where the attending personnel can live and 
do the work necessary to maintain the equipment. 

c. Capacity. — Unless the transmission lines are very long, 
or the wires are not of proper size, it may be assumed for 
rough estimates that the 5-kva generator will supply from 
100 to 115 40-watt lamps or their equivalent. 

d. Manual. — The instruction manual issued with the unit 
covers details of its operation. 

■ 234. Useful Information. — a. Power in direct current cir- 
cuits. — In a direct current circuit, power in watts (W) is 
equal to electromotive force in volts (E) multiplied by cur- 
rent in amperes (/) : 

W=EI 

b. Power in alternating-current circuits.^— -In alternating- 
current circuits, true power in watts (W) is equal to the 
product of the power factor in percentage (pf) by the electro- 
motive force in volts (E) by the current in amperes (I) : 

W= (pf) EI 

c. Ohm's law for direct-current circuits. — In direct-cur- 
rent circuits, the electromotive force in volts (E) is equal to 
the current in amperes (7) multiplied by the resistance in 
ohms (R) : 

E=IR 

d. Units: 

<1) Kva. — The unit used for measuring the apparent power 
of an alternating-current generator operating on circuits sub- 
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ject to change in power factor is the kilovolt -ampere. The 
following relationship exists: 

(2) Kw. — The unit used for measuring true power in an 
alternating- current circuit is the kilowatt (Jew). The follow- 
ing relationship exists: 

kilowatts^kilovolt-amperesX power factor (pf). 

(3) Hp. — The unit used for measuring mechanical work is 
the horsepower (hp) r The following relationship exists: 

1 hp= t Ji& watts 

(4) Wire si&es r — The unit used for measuring wire sizes is 
the mil. The following relationship exists: 

1 mil ---.001 inch 

In tables, wire size is expressed in circular mils (cross-sec- 
tlonal area). The wire size in circular mils is the square of 
the diameter in mils. 

Section II 
MILITARY REQUIREMENTS 

■ 235. Camp Lighting. — When camps are lighted there need 
not be more than four 25-watt lights per barrack (20 by 100 
feet) and one 40-watt light per officer. In general, electric 
lamps should be provided in recreation halls, 

■ 236. Lights for Division Headquarters. — The forward 
echelon of an infantry division headquarters requires about 
75 lamps of 40- to 60-watt rating. This imposes a load of 
from 3 to 4y 2 kilowatts, depending on the actual wattage of 
the lamps used. One portable 5-kva generating set is ade- 
quate to supply this requirement. 

■ 237. Lights for Higher Headquarters. — Experience Indi- 
cates that for higher echelons the requirements in electric 
lighting are about as follows: 
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Takle LXTT. — Electric light requirements for headquarter.? 



TTna Hnim rt'or^ 


Approximate 
number of out- 
lets to be fur- 
nished 


Power in 
required 


Corps _ , 


75 
150 
600 
600 


4. .1 
9.0 
36.0 
36.0 


Army „ 

OFIQ 

Communications zone.- , 



■ 238. Power and Lights for Hospitals. — A 1,000-bed hos- 
pital requires about 15 kilowatts for lights, sterilizing ap- 
paratus, dentists' tools, X-rays, etc. If possible, commercial 
sources of power should be used. A 250-bed station hospital 
requires about 5 kilowatts which can be supplied from a single 
portable 5 -kilowatt generator. 

Section III 

RECONNAISSANCE 

■ 239. Reconnaissance Party. — a. Personnel. — The person- 
nel of a party for making an electrical reconnaissance of an 
area to be occupied by a division normally should include a 
qualified leader and from three to six assistants familiar with 
transmission lines, primary power plants, and central station 
installations. Such individuals generally are classified as 
electrical engineers, general electricians, linemen, gas en- 
ginemen, or stationary enginemen. 

b. Equipment. — The party should have adequate trans- 
portation and should be provided with maps of the area to be 
reconnoitered, paper and pencils for making reports, report 
blanks, and one or more sets of the following lineman's equip- 
ment: pole climbers with straps, tool belt with safety strap, 
splicing clamp, 8-inch side-cutting pliers, 24-inch bolt cutter, 
screw driver, hatchet, claw hammer, wrecking bar, hack saw, 
and high-tension gloves. 

M 240. General Reconnaissance. — An electrical reconnais- 
sance involves investigation of the source of the local supply 
of electricity and the amount of additional load which the 
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existing facilities can carry. 'In order that military electri- 
cal equipment may be used, it is essential that the frequencies 
of the local source be the same as that for which the military 
equipment has been designed. The party should investigate 
the nature of the local supply (alternating or direct current) , 
the frequencies used, and any existing facilities for modifying 
the frequencies, in order to adapt them to military equip- 
ment. The voltage at which the power is transmitted should 
be determined as well as the condition of the local installa- 
tions and the system of operation and control. A very im- 
portant consideration is to determine whether the local fuel 
situation is satisfactory, and if not, what steps are necessary 
to supply fuel to the local plants. The location and inventory 
of existing stocks of electrical supplies in the area should be 
determined, including wire and cable, incandescent lamps, 
motors, generators, poles, and accessories. If possible, a dia- 
gram should be obtained or made showing the distribution 
of electrical power throughout the area. An estimate should 
be made of the requirements in power in the new area and 
recommendation should be made covering the allocation of 
portable equipment, the installation of new equipment, and 
regulations for the consumption of light and power. 

■ 241. Reconnaissance of Captttred Terrain. — The recon- 
naissance of an area captured from the enemy is similar to 
that described above for the general reconnaissance of a new 
area, except that the enemy may be expected to destroy or 
damage the electrical installations prior to his departure. 
However, they should be carefully examined, since one usable 
installation may be made up from undamaged parts taken 
from several demolished plants. Particular note should ba 
taken of the location and size of the conductors of any dis- 
tribution lines remaining intact, as by making use of such 
systems the reestablishment of electric service in the cap- 
tured area may be made in minimum time. Electrical supplies 
left in abandoned dumps should be inventoried. 

■ 242. Blank Form. — The following blank form is suggested 
for use by a reconnaissance party both in making an electri- 
cal reconnaissance and in reporting the results. 
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ELECTRICAL RECONNAISSANCE 

Reconnaissance party: 

Area _ Date 

-_- Map Photographs. 



Trirae movers 



type: 

(Steam, internal 
combustion, 
water wheel) 



Fuel: 



(Coal, oil, gas) 



(Amount on hand) 



(Feed) 



Horsepower. . 



Lubricants 

(Kind and 
amount on 
hand) 

Water supply 

(Character 
and 

amount) 
General condition. „^ 



Generators 



Type. 



(Alternating or 
direct current) 

Number of machines 



Kilovolt amperes 

Kilowatts Volts 

Amperes.. Power factor. 



Frequency 

Revolutions per minute- 
Horsepower. _ Maker 



General condition. 



SWITCHBOARD 



Instruments., ... 
Interconnections. 
Condition . 



Transmission lines 



Type . 

(2-wire; 3-wire Edi- 
son; I, 2, 3, phase 
alternating current) 

Current "Voltage 

(Alternating current or 
direct current) 

Conductors 

(Size and ma- 
terial) 

Location 

(On poles or be- 
low ground) 

Transformers 



Substation. 



( W h e t h e i 
trans former 
or sy d ch r o- 
noiis conver- 
ter) 



Condition 



ELECTRICAL SUPPLIES 



Location 

General kind. 
Inventory 



Recommendation. 



Figure 128, — Form for electrical reconnaissance. 
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Table LXIII. — Bill of electrical material for one standard 
20-by-l 00-foot barrack 



Quan- 
tity 



210 
1 

2 
4 

50 

2 
4 
10 



Unit 



leet____ 
each_ 



each. 
each_ 



each... 



each, 
each. 
eaeh_ 



each... 



Size 



No. 14.. 

125 volt, 30 

ampere. 
15 ampeTB 



No. 12 

%hy 3 inches. 

25 watts 

1 finches 



3feet_._ 



Weight 

in 
pounds 



5K 
l 



1H 
7M 



Description 



Wire, E. C. S. B, solid copper. 
Cutout, main line, pJug fuse, 

double pole. 
Fuses, ping. 

Socket, pull, brass, S22 (P&S) 

cat. 38, bass BP. 
Knobs, split porcelain, with 

nail and leather washer. 
Tubes, porcelain. 
Lamps, Mazda, 115-voIt. 
Screws, for cutout and socket, 

No. 8, F. n. bright. 
Cord, linen, with chain and 

link tassel. 




Figure 129.— Lighting installation using porcelain knobs. 
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Tabu: JLXIV. — Electrical characteristics of copper wire 



Brown 

&l Sharpe 
(B. A S.) 


Cross sectioD 


Weight, resistance, and 
length 


Safe current-carry- 
ing capacity in 
am[>eres for lengths 
of 100 feet or less 
















gage 


Diameter 

in TTllI^ 

1 1 1 11 111.' 


Area la 
circular 
mils 


Pounds 
per 1,000 
feet 


Feet per 

nnif nH 


Ohms per 


Rubber 


Bare or 
weather- 
proof wire 


0000 


460.00 


211,600 


639. 33 


1, 56 


0. 04906 


225 


325 


000 


409. 6i 


167. 805 


507. 01 


1. 97 


.06180 


175 




00 


364. 80 


133, 079 


402. 09 


2. 49 


, 07831 


150 


225 


0 


334. 95 


105,592 


319.04 


3. 14 


. 09831 


J 25 


200 


1 - - 


289. 30 


83. 694 


252.88 


3.95 


. 12404 


100 


150 




257. 63 


66, 373 


200.54 


4.99 


, 15640 


90 


125 


3 


229.42 


52. 634 


159.03 


6. 29 


. 19723 


80 


100 
DO 


4 


204.31 


41.742 


126. 32 


7. 93 


, 24869 


70 




181.94 


33, 102 


100.01 


10,00 


, 31301 


55 


80 


6 


162.02 


26, 250 


79. 32 


12. 61 


. 39 546 


50 


70 


*7 


144.28 


20,810 


62. 90 


15.00 


.49871 


33 


54 


8 


128.48 


16,509 


49,88 


20.05 


.62881 


35 


50 


•9 


114.43 


13, 594 


39. 66 


25.28 


.79281 


28 


38 


10 


101.89 


10,381 


31.37 


31.38 


1.0 


25 


30 


♦11 


90. 74 


8,234 


24.88 


40.20 


1.2607 


20 


27 


12_ 


80.81 


6,530 
5, 178 


19. 73 


50. 69 


1.5898 


20 


25 


*13 


71.96 


15.65 


63.91 


2.0047 


14 


22 


14.. 


64.08 


4, 107 


12.41 


80. 58 


2.5908 


15 


20 



Sizes marked * are not used for electrical work. 

For aluminum wire the carrying capacity of any given size should be taken as 
84 percent of the value given in above table. 

If current exceeds the safe current-carrying capacity of the largest wire, two or more 
wires should be used. 
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Pigube 130. — Comparison of parallel and series circuits. 




Piguhe 131. — Crushing insulation on long conductor. 
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Figtthe 132. — Crushing insulation on short conductor. 




Figure 133. — Skinning conductor. 
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Figure 136. — -Finishing the splice. 
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■TVW3 EXTEND ONTq iNSULATioH 




Figure 138. — Combination splice. 
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RIGGING 

■ 243. Definitions. — a. General. — Rigging involves the tech- 
nique of handling manila and wire rope and chains in various 
block and tackle combinations to raise and move heavy loads. 
It is closely related to the handling of loads by jacks, levers, 
and similar mechanical devices. 
b. Special terms. — (1) Running end. — Free end of rope. 

(2) Standing part. — Whole rope less the running end. 

(3) Paying out. — Giving slack in rope. 

(4) Bight. — Loop formed on rope so that the two parts lie 
alongside each other or cross. 

(5) Frapping. — Drawing together of several turns by pass- 
ing a rope around all the turns. 

(6) Whipping. — Wrapping an end tightly with cord or 
twine to prevent its unlaying when pulled through a pulley 
or other small opening. 

(7) Unlaying. — Untwisting of the strands or cords. 

(8) Seizing. — Lashing the running end back to the stand- 
ing part. 

(9) Mousing a hook. — Securing a load held in the hook by 
wrapping cord or twine across its mouth In such a way as to 
close it effectively. 

(10) Transom. — Horizontal spar. 
Ul) Upright. — Vertical spar. 

(12) Belay. — To make a turn or turns with a running end 
of rope around a spar, cleat, or the standing part of the rope. 

(13) Thief. — Knot commonly mistaken for a reef knot, 
differing in that the end of each rope turns around the stand- 
ing part, instead of around the end of the other rope. 

(14) Granny. — Knot resembling a reef, except that the 
standing and running parts of each rope do not pass through 
the loop of the other in the same direction. 
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Table LXV. — Characteristics of knots 



Name 



1. Overhand. 



Figure of eight. 
Square or reef. 



4. Single srwet bend 

or weavers 1 . 2 

5. Doiiblo sheet 

bend J 

ft. Two half hitches * 



7. Hound lurn and 

two half 
hitches. 

8. F ishtirm nil's 

bend or anchor. 



Use 



At end of rope to pre- 
vent unlaying or to 
prevent end from 
slipping through 
blocfe. 

Same as above 

To join two ropes of 
same size. 



To join ropes, espe- 
cially of unequal 
size. 

To join ropes of un- 
equal size, especially 
wet ones. 

To belay or make fast 
end of ropa around 
own standing part . 

Same as above 



To fasten a rope to a 
ring- or anchor. 



Directions for tying 



See figure. 



Sec figure. __ 

See figure. Pass standing 
and running parts of each 
rope through loop of the 
other in same direction. 
Ends of each rope turn 
around end of other, 
rather than standing part. 
See figure 



See figure. 



See fifnirc. End may be 
lashed down or seized to 
standing part to prevent 
slipping. 

See figure 



See figure. Take two turns 
around tie iron, then a 
half hitch round the stand- 
ing part and between the 
ring and the turns, then 
half hitch round standing 
part. 



1 Care must be taken not to tie a thief or granny, aa these "will slip. 
3 More secure than a reef but more difficult to untie. 
3 More secure than a single sheet bend. 
1 Must never be used for hoisting a spar. 
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Table LXV. — Characteristic of knots — Continued 







Directions for tying 


Figure 


Name 


Use 


refer- 
ence 


9. Clove hitch 


To fasten a rope at 


See figure. If end of spar is 


139 




right angles to a spar 


free, hitch made hy first 






or at beginning of 


forming two loops, placing 






lashing. 


right-hand loop over other, 
and slipping the double 
loop over the end of the 
spar. Otherwise, pass end 
of rope round spar, bring 
it up to the right of stand- 
ing part, cross over latter, 
make another turn around 
spar, bring up the end 
between spar, last turn 
and standing part. 




10. Timber hitch s „_ 


To haul or lift spars 


See "figure 


140 


11. Telegraph hitch. 


To hoist or haul ti spar- 


See figure 


140 


12, Hawser bend 


To join two large 
cables. 


See figure. Each end is 
seized, to own standing 
part. 


140 


13. Bowline 6 . 


To form a loop that 
will not slip. 


See figure. Make loop with 
standing part underneath, 
pass end from below 
through loop, over the 
part, around the standing: 
part, then down through 
the loop. 


140 


14. Bowline on a 


To make a comfort- 


See figure. Make first part 


140 


bight. 


able sling for a man. 


as above with double part 
of rope, then pull higlit 
through sufficiently to 
allow it to be "bent past 
loop and come up in prop- 




15. Running bow- 


To make a slip knot 


See figure. Pass end around 


140 


line. 


that will not bind. 


spar. Form a loop around 
the standing part with the 
running end. Make & 
bowline on the standing 
part below the loop — on 
the running-end side. 





* Can be easily loosened when strain is taken off, but will not slip under load. 
When used for hauling spars, a halt hitch is added near end ol spar. 

• Length of bight depends on purpose for which knot is required. 
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Table LlXV. — Characteristic of knots — Continued 



Name 



1G. Cat's paw. 




17. Sheep shank. 
IS: Rolling hitch . 



IS. Blackwa]) hitch. 



20. Mooring knot- 



21. Carriek bead. _ . 

22. Wall knot and 
crown on wall. 



To secure a rope to the 
mouth of a hook. 



To shorten a rope or 
pass a weak spot. 

To haul a larger rope 
or cable. 



To attach a single rope 

to a hook of a block 

for hoisting 
To make fast to a 

mooring or snubbing 

post. 



To fasten guys to der- 
ricks. 

To finish the end of a 
rope to prevent un- 
laying. 



Directions for tying 



See figure. Form two equal 
bights; take one in eaeh 
hand and roll them along 
the standing part till sur- 
rounded by three turns of 
the standing part; then 
bring both loops (or bights) 
together and pass over the 
hook, and mouse the hook. 

See figure. Take a half hitch 
with the standing parts 
around the bights. 

See figure. Take two turns 
around the large rope in 
the direction in which it is 
to be hauled, and one half 
hitch on the other side of 
the hauling part. 

See figure 



See figure. Take 2 turns 
around the mooring or 
snubbing post, pass the 
free end under the stand- 
ing part, take a third turn 
above the other, pass the 
free end between the two 
upper turns. 

See figure _ 

See figure - 



Figure 
refer- 
ence 



141 



141 



141 



142 



142 



142 
142 



■ 244. Splices (fig. 143). — a. Short splice. — (1) Use. — Short 
splices are used to join two ropes when an increase in diam- 
eter at point of splice is not objectionable. 

(2) Directions for making. — To make a short splice, unlay 
the strands of each rope for a convenient length. Bring the 
rope ends together so that each strand of one rope lies be- 
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tween the two consecutive strands of the other rope. Draw 
the strands of the first rope along the second and grasp with 
one hand. Then work a few strands of the second rope over 
the nearest strand of the first rope and under the second 
strand, working in a direction opposite to the twist of the rope. 
Apply the same operation to all strands. Splicing may be 
continued in the same manner to any extent, and the free 
ends may be cut off when desired. Splice may be tapered by 
cutting out a few fibers from each strand each time it is 
passed through the rope. Splice may be made compact by 
rolling under a board or under the foot. 

b. Long splice, — (1) Use. — Long splices are used to join 
two ropes without an increase in diameter at point of splice. 

<2) Directions /or making. — To make a long splice, unlay 
the rope and bring together as for a short splice. Unlay to 
a convenient length a strand, a, of one rope, laying in its 
place the nearest strand, d, of the other rope. Repeat the 
operation in the opposite direction with two other strands, 
c and /. Lay half of one in place of the unlayed half of 
the other. Pass the tops through the rope. When the splice 
has been thoroughly stretched, trim off the ends of the 
strands. 

c. Eye splice. — (1) l/se.— Eye splices are used for fasten- 
ing a rope to a ring or for making a permanent loop in the 
end of a rope. 

(2) Directions for making. — To make an eye splice, unlay 
a convenient length of rope. Pass one loose strand under 
one strand of the rope, forming an eye of the proper size. 
Pass a second strand under the strand of the rope next to 
the strand which secures the first one. Pass the third strand 
under the one next to that which secures the second strand. 
Draw all taut, and continue as for a short splice. 

B 245. Lashing. — a. Two spars at right angles (fig. 144).— 
To lash two spars at right angles, make a clove hitch around 
the upright a few inches below the transom. Bring the lash- 
ing under the transom, up in front of it, horizontally behind 
the upright, down in front of the transom, and back behind 
the upright at the level of the bottom of the transom and 
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above the clove hitch. Keep the following turns outside the 
previous ones on one spar and inside on the other, not riding 
over the turns already made. Make four more turns. Make 
two frapping turns between the spars, around the lashing, 
and finish the lashing off either around one of the spars or 
any part of the lashing through which the rope can be 
passed. Do not make the final clove hitch around the spar 
on the side toward which the stress is to come, as it may 
jam and be difficult to remove. While tightening, beat the 
lashing with a handspike or pick handle. This is called a 
sQuare lashing. 

b. Pair of shears (fig. 148) . — To lash for a pair of shears, 
lay the two spars alongside each other with the points below 
which the lashing is to be made resting on a skid. Make a 
clove hitch around one spar, and take the lashing loosely 
eight or nine turns about the two spars, above the clove hitch, 
without riding. Make two or more frapping turns between 
the spars, and finish the lashing off with a clove hitch above 
the turns on one of the spars. Open the butts of the spars 

- and pass a sling over the fork. Hook or lash a block to this 
sling. Make fast fore and back guys with clove hitches to 
each spar just above the fork. 

c. Three spars for tripod (fig. 146). — To lash three spars 
together as for gin or tripod, mark on each spar the location 
of the center of the lashing. Lay two of the spars parallel 
to each other with an interval a little greater than the diam- 
eter. Rest their tips on a skid and lay the third spar 
between them with its butt in the opposite direction so that 
the marks on the three spars will be in line. Make a clove 
hitch on one of the outer spars below the lashing and take 
eight or nine loose turns around the three. Take a couple of 
frapping turns between each pair of spars in succession and 
finish with a clove hitch on the central spar above the lash- 
ing. Pass a sling over the lashing and the tripod is ready 
for raising. 

B 246. Anchorages. — a. Holdfasts (fig, 147 0). — (1) Use. — 
Holdfasts are used to anchor a line to the ground, as for 
a guy. 
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(2) Directions for making. — To make a holdfast, drive 
stout pickets into the ground, one behind the other, in the 
line of pull. Secure the head of each picket, except the last, 
by a lashing to the one behind it. Tighten the lashings by 
rack sticks, and then drive the points of these into the ground 
to hold them in position. The distance between pickets 
should be several times the height of the picket above the 
ground. A single good ash picket, 3 indies in diameter, 
driven 5 feet into good solid earth, will stand a pull of about 
700 pounds. 

b. Headman (fig. 147 ®). — (1) Use. — Deadman has the 
same use as a holdfast except that it has greater strength, 
although requiring more labor. 

(2) Direction for preparing. — To prepare a deadman, lay 
a log or timber in a transverse trench with an inclined trench 
intersecting it at its mid point. Pass the cable down the 
inclined trench, take several turns around the log, and fasten 
the cable to the log by half hitches and marline stopping. 
If the cable is to lead horizontally or incline downward, pass 
it over a log at the outlet to the inclined trench. If the. 
cable is to lead upward, the log is not necessary, but the 
deadman must ba buried deeper. The strength of the dead- 
man depends upon the strength of the log and holding power 
of the earth. 

(3) Holding power. — (a) The holding power per square 
foot of undisturbed loamy earth against a deadman at various 
depths and inclinations of cable pull is given in table LXVI 
below. For a given cable pull the number of square feet of 
deadman bearing surface required is determined by dividing 
the total pull to be placed on the deadman by the value given 
for the depth and cable inclination selected. Having deter- 
mined the bearing-surface area, select a length and section 
corresponding to this area. 
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Table LXVI. — Holding poiver of deadmen in loamy soil 



Mean depth of anchorage 



Declination of pull (vertical to horizontal) 
and safe resistance in pounds per square 
foot 





Vertical 


1/1 


1/2 


1/3 




3 feet. _ 


600 


950 


1,300 


1,450 


1,500 


4 feet 


1,050 


1,750 


2,200 


2,000 


2, 700 


5 feet 


1,700 


2, 800 


3,600 


4,000 


4, 100 


6 feet 


2,400 


3,800 


5, 100 


5,800 


6,000 


7 feet.... _ 


3,200 


5, 100 


7,000 


8,000 


8, 400 



(b) In order to insure that the deadman selected will not 

fail in bending stress, test by: 

_ 26676/1*, t _ , , . 

T= — £ for a rectangular timber. 

I600d 3 

or T= — ^ — for a round timber. 

where T=maximum allowable cable pull in pounds. 

b =width of the contact face of the deadman, in inches. 
ft=depth of deadman in direction of pull, in inches, 
(i=diameter of round timber, in inches. 
i,=length of deadman, in inches. 

(c) If the maximum allowable pull, T, as computed, is less 
than actual pull, a timber of greater depth or diameter should 
be used, and test computation repeated until a satisfactory 
section is determined. If maximum allowable pull found by 
the formula is greater than the required cable pull, the dead- 
man is satisfactory in bending. 

■ 247. Blocks and Tackles. — a. General. — The parts of a 
block are the shell or frame, the sheave or wheel upon which 
the rope runs, and the pin upon which the wheel turns in 
the shell. Blocks are designated by the length of the shell in 
inches and by the number of the sheaves. Those with one, 
two, three, or four sheaves are called single, double, triple, and 
quadruple. The smallest size of block (length in inches) that 
will take a given rope is nine times the rope diameter. Self- 
lubricating blocks should be used where obtainable. 
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b. Definitions. — (1) Snatch block. — A snatch block is a 
single block with the shell open at one side to admit a rope 
without passing the end through. 

(2) Running block. — A running block is attached to the 
object to be moved. 

(3) Standing block. — A standing block is fixed to some 
permanent object. 

(4) Simple tackle. — A simple tackle consists of one or more 
blocks rove with a single rope. 

(5) Return. — Each part of the rope between the two blocks, 
or between either end and the block, is called a return. 

(6) Overhaul. — To overhaul is to separate the blocks. 

(7> Round in. — To round in, to bring the blocks closer 
together. 

(8) Chockablock, — When the blocks are in contact the 
tackle is said to be chockablock. 

c. Uses. — Blocks are used to change the direction of pull 
and to give mechanical advantage. A man of average weight 
will pull about 60 pounds horizontally. 

d. Mechanical advantage. — In simple tackles the mechani- 
cal advantage gained is a direct function of the number of 
ropes supporting the load. Thus, if the movable block is a 
double one, then four ropes will sustain the load and the 
mechanical advantage gained is 4. 

■ 248. Slings. — a. GeneraL — Slings are made of manila rope, 
wire rope, or chains. The most common is a manila sling: 
made by splicing the two ends together. To use the sling, 
pass it around the article to be lifted. Pass the bight formed 
by one end through the bight formed by the other and then 
over the lifting hook. If the sling is the same size as the 
lifting rope, it should make a minimum angle of 30° with the 
horizontal. At this angle, the stress in each branch of the 
sling is equal to the stress in the lifting rope. If the angle is 
greater than 30°, the load is limited by the strength of the 
lifting rope; if less than 30°, by the strength of the sling. 

b, Barrel slings (fig. 141). — To sling a barrel horizontally, 
make a bowline with a long bight. To sling a barrel verti- 
cally, make an overhand knot on top of the two parts of the 
rope; open out the knot and slip each half of it down the 
sides of the barrel; secure with a bowline. 



388 



COMMUNICATIONS, CONSTRUCTION, AMD UTILITIES 249-250 

■ 249. Gin Pole or Standing Derrick (fig. 149). — To erect a 
gin pole, lash the tackle to the spar or suspend it by a sling 
run through a slot in the head of the pole. Locate the foot 
of the gin pole. Lay a line through the point to mark the 
location of the fore and back guys. Lay another line at 
right angles to this. Lay oft on the four lines distances equal 
to twice the length of the spar for level ground plus necessary 
slope allowances. Erect anchorages at these points. Make 
the four guys fast to the top of the spar. Lay the spar along 
one of the guy lines with the butt nearly in the footing. 
Fasten a foot rope to the butt and to an anchorage on the 
same side of the footing as the spar. Raise the top by haul- 
ing the back guy with a running tackle. Let the fore guy 
out. Take up the slack on the side guys. Continue until 
spar is in position, keeping the slack out of all guys. For 
heavy poles it may be necessary to erect a light gin pole or 
shears first and use this to erect the heavy pole. In hard 
ground dig a hole about 1 foot deep for the butt of the gin 
pole. In soft ground, prepare an excavation with wooden 
supports to transmit the ground pressure over a larger area. 

■ 250. Jacks. — a. Hydraulic jacks. — The hydraulic jack is a 
lifting apparatus operated by means of a liquid acting against 
a piston or ram working in a cylinder. The pressure in the 
liquid is produced by a force pump. The lifting capacities of 
hydraulic jacks are usually stamped on their sides. 

&. Screw jacks. — Screw jacks are of various types and sizes. 
They all depend on the screw principle for their gain in power- 
The lift of the jack is usually from 16 to 18 inches, and care 
should be taken that it is not screwed too high. 

c. Use of blocks. — In raising heavy loads above the effec- 
tive range of a single jack, blocks may be used to advantage 
along with additional jacks. One jack having lifted the load 
to the limit of its range, a second is inserted upon blocks (or 
with blocks between it and the load) and is raised. Then the 
first jack is blocked, the load raised another increment, and 
the operation continued. Several jacks may be used instead 
of one in each stage of the lifting. Lowering a load is the 
reverse of the above process. 
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Bowline on a Bight 

Figure 140. — Types of knots — hitches, bends, and bowlines. 
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Sting lor b*<i«t horizontal SUng lor barrel wrtlOaJ 




Rolling Hitch Shi^pthank Cat't Paw b 

Figure 141. — Miscellaneous knots. 
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Crown on Wall 

Figure 142.— Miscellaneous knots and hitches. 
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Short Splice. Short Splice. 




Long Splice. 




Eye SpUce. 

Figure 143. — Splices. 
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Deadman. 
Figure 147. — Anchorages. 
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Table LXVII. — Working strength of wire and manila rope 



Diameter 


Circum- 


Weight IK r 100 feet 


Working strength 
(pounds) 


Steel 


Hemp 


Steel 


Manila or 
hemp 


n 


■1>4 


13 


5 


4,000 


400 




1J-2 




7 








2 


60 


m 


11, 100 


1,520 


H 


2M 


88 


17 


15, 300 


1,900 


'/B 




120 


24 


20,700 


2, 300 


■1 




158 


2S 


28,000 


3, 100 




A 


250 


46 


42,000 


4,300 




w 


365 


64 


58,700 


5,900 


W 


m 


525 


84 


76.000 


7,900 


2 




632 


115 


96,000 


10, 300 




VA 


988 


117 


110,000 


16,500 




m 


1,421 


255 


116,000 


22,500 



Table IjXVIII, — Relation of sheave and wire rope diameters 



Type of rope 


Desirable 
sheave 
and 
drum 

diameter 1 


Safe 
sheave 
and 
drum 
diameter 


Minimum 
sheave 
and 
drum 

diameter 




6 by 7* 


72 


42 


28 


Xrope diameter. 


6 by 19 


45 


30 


20 


Xrope diameter. 


6 by 37 


27 


18 


14 


Xrope diameter. 


8 by 19... 


31 


21 


16 


Xropc diameter. 



i For standing ropes, these values may be reduced by 50 percent. 
> A B by 7 rope is one of C strands of 7 wires each. 
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Table LXIX. — Lead line pull factors and efficiencies for hoist 

or full wire ropes 



Number of parts of rope 


2 


3 


4 


5 


6 


7 


8 


9 


10 


Efficiency, percent. 
Lead line pull factor.. 


96.1 
.52 


92.4 
.36 


88.9 
.28 


86. 5 
.23 


82,2 
.20 


7fi.O 
.18 


76.0 
.165 


73.0 
.15 


70.3 
.14 



Note. — The stress In the lead line equals the load multiplied by 
the lead line pull factor. 



Table LXX, — Simple Mock and tackle rigging manila rope 

(factor of safety 3) 



Xoad 
to be 
lifted 


1 

Total number of sheaves in 
blocks 


2 

(2 single 
blocks) 


3 

(l single 
1 

double) 


4 

(2 double 
blocks) 


5 

<1 double 
1 triple) 


6 

(2 triple 
blocks) 


Tons 
















Smallest permissible rope 














diameter (inch) 


H 


Vit 


H 


H 


% 




Lead line pull, in pounds. . 


540 


380 


300 


250 


220 


1 




H 


H 


H 




H 




Pull 


1, 100 


760 


G00 


500 


440 


m 




H 


34 


M 


H 


H 




Pull 


1,000 


], 100 


000 


750 


660 


2 






7 4 


% 


W 


H 




Pull 


2, 300 


1,500 


1,200 


1,000 


880 


3 








1 


W 


H 




Pull 


3, 300 


2,300 


1,800 


1,500 


1, 300 


1 




m 


IK 


1W 


1 


1 




Pull 


4,400 


3,000 


2,400 


2,000 


1,800 


6 


Rope (inches) 




IH 


1M« 


IK 




8 


Pull 




4,500 


3,600 

1W 
4,800 


3,000 

1M 

4,000 


2,600 
3,500 


Rope (inches) 

Pull.... 
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Table LXXI. — Properties of cftains 





Safe working 
strength (pounds) 


Approximate 
weight (pounds 
per 100 feet) 


?£ 


1, 800-3, 000 


175 


T / 






Yi 


3,300-5,000 


300 


W 


5,000-7,600 


470 




8,000-11,000 


650 


% 


10.000-15,000 


880 


1 


12,000-20,000 


1, 130 


1H 


16,000-25,000 


1, 420 


IK 


L9, 000-32, 000 


1,650 



Note. — Chains are manufactured In such a wide variety of grades 
that no definite strength can be given for any one size.' The above 
are limits for some standard sling and dredge chains. 
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CONCRETE AND QUARRY OPERATIONS 

Paragraphs 

Section I, Concrete 251-263 

II. Quarry operations 264-265 

Section I 
CONCRETE 

■ 251. Military Uses of Concrete, — a. General. — The mili- 
tary uses of concrete may be classed under two general 
heads: 

(1) For field works subject to artillery fire and air bomb- 
ing. — These include shelters for machine guns and artillery, 
dug-outs, cut and cover and surface shelters, burster courses, 
command and observation posts, platforms for heavy ord- 
nance, etc. 

(2) For general construction in rear areas. — These include 
a great variety of structures generally similar to those erected 
in civil practice. 

b. Military vs. civilian practices. — In time of peace the best 
civilian practices in concrete construction are rigorously ob- 
served in military work. Even in time of war it is highly 
desirable that military concrete construction follow the same 
basic principles, altered only insofar as economy of time and 
materials and the military situation require. In forward 
areas it may sometimes be necessary to use materials and 
expedients which would not be permitted under normal cir- 
cumstances. Superficial refinements such as exact control 
of aggregates, finishing surfaces, drying of aggregates, etc. 
are not essential in the wartime military use of concrete, and 
may be omitted. However, it must be emphasized that con- 
crete may be of little strength or value unless care is used in 
designing, mixing, placing, and curing the concrete. 

■ 252. Cement. — a. Classes. — The substance which gives 
strength to concrete and binds the aggregates together is 
known as cement. Although there are many types of cement, 
the classes most commonly used in military work are — 



401 



252-253 



ENGINEER FIELD MANUAL 



(1) Standard Portland. — Standard Portland cement should 
be used for all works subject to artillery fire, shock, abrasion, 
etc., and for all reinforced concrete when there is sufficient 
time available. However, its chief disadvantage for wartime 
military construction is the length of time necessary for con- 
crete made with it to develop its normal compressive strength. 

(2) High early strength cements, — This class includes 
modified Portland cements and high alumina cements, which 
combine the properties of standard Portland with nigh early 
strength. Concrete made with this type of cement will attain 
in from 1 to 2 days 75 percent of the strength attained in 28 
days by a concrete made with standard Portland, This 
property makes these cements very desirable for military 
construction in time of war, where the time element is of 
great importance. However, they have the disadvantage of 
being more expensive and less readily available commercially. 

b. Shipment and storage. — Cement is usually shipped in 
bags or barrels. A bag of cement weighs 94 pounds and is 
considered to be 1 cubic foot. A barrel contains four bags. 
Cement should be stored in a weatherproof building at least 
8 inches from walls and ground or floor to insure ventilation. 

H 253. Pine Aggregate. — a. Definition. — Aggregate is the in- 
clusive term applied to the inert materials which, bound to- 
gether with cement, make concrete. That portion of the 
aggregate which passes a %-inch screen is called fine 
aggregate, 

b. General requirements. — (1) Durability. — Sand should 
be composed of hard, strong, durable, and uncoated particles. 
Sand of natural origin is ordinarily used. However, crushed 
stone screenings make acceptable sand if the rock from 
which they are crushed is suitable. Sands from soft parent 
rocks, such as slate, serpentine, mica, feldspar, and soft lime- 
stone should not be used, nor should sand be composed of 
mica, talc, or scaly materials. 

(2) Cleanliness. — (a) Clay and silt, the impurities most 
frequently found in sand, are undesirable if present as coat- 
ings on the sand grains. If present in the sand, they should 
constitute not more than 3 percent of the sand by weight, or, 
together with coal particles, shale, shell, or other deleterious 



402 



COMMUNICATIONS, CONSTRUCTION,, AND UTILITIES 253 



substances should constitute not more than 5 percent by 
weight. A convenient field test for the presence of silt and 
clay in excess quantities follows ; Fill a pint jar to a depth of 
4 inches with sand and then fill almost full with water. 
Shake for several minutes. If there is more than Yq inch of 
sediment on top of the sand after settling, the sand is unsuit- 
able even for lean mixtures. 

(b) Organic material, that is, material of animal or vege- 
table origin, in sands not only prevents the cement from 
adhering but also affects it chemically. Sands containing 
roots, grass, leaves, grease, tannic acid, etc., must not be used 
unless washed. A convenient test for organic impurities in 
sand is as. follows: Pill a bottle half full with the sand to be 
tested. To it add a 3 -percent solution of sodium hydroxide 
until the volume of sand and water after shaking amounts 
to V/z times the original volume of sand alone. Shake thor- 
oughly and allow to stand for 24 hours. If the liquid above 
the sand is colorless or light yellow, the sand is satisfactory 
as far as organic impurities are concerned. If bright" yellow 
or medium brown, the sand may be used for unimportant 
work. If the liquid is darker than medium brown, the sand 
should not be used in concrete. 

(c) Sand may be washed by hand or mechanical means. 
One convenient method is to place the sand on a wire screen 
with mesh similar in size to that used in screen doors, and 
wash with water. 

(3) Gradation. — The best sand, as to size, is one which is 
well graded from fine to coarse. If only a sand of uniform 
size is available, a coarse sand is better than fine sand. Table 
LXXII gives a suitable gradation for fine aggregates. 



Table LXXII, — Gradation of fine aggregates 



Percent by 
weight 



Passing ?6-inch (standard square mesh) 



100 
95-100 
35-75 
10-25 
2-7 



Passing No. 4, 
Passing No. 16 



Passing No. 60— 

Passing No, 100 
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(4) Screening. — Hand screening is best adapted to small 
jobs. Set up screens with openings of the desired size at 
about 60° with the horizontal and then shovel the material 
upon the screen. The finer particles will pass through, while 
the larger ones will roll down the inclined screen. 

■ 254. Coarse Aggregate. — a. Definition. — Coarse aggregate 
is that part of the materials in concrete which will not pass 
through a %-inch screen, such as gravel, crushed rock, etc. 

b. General requirements. — (1) Materials. — Coarse aggre- 
gates must be dense, hard, and durable. The most common 
kinds of coarse aggregates are broken stone, gravel, slag, and 
cinders. 

(a) Aggregates derived from granite or trap rock are 
usually excellent, while those from limestone are generally 
satisfactory. Sandstone with a clay binder makes the least 
desirable aggregate. 

(&) Gravel is a natural mixture of pebbles, silt, and clay, 
with pebbles predominating. It must be clean and durable 
to be suitable for concrete work. The use of bank-run gravel 
is condemned in civil practice, but will often be necessary in 
some types of .military operations because of the great saving 
of plant, time, and labor involved. Good results can be ob- 
tained if the pit is properly selected and worked. Washing 
and screening are often necessary. The usual fault of bank- 
run gravel is an excess of coarse aggregate. This may be 
corrected by the addition of fine aggregate screened from 
another section of the pit. 

(e) Slag from blast furnaces, crushed to proper sizes, makes 
a fairly satisfactory coarse aggregate for mass construction if 
it is free from sulphur. 

id) Cinders may be used in inferior grades of mass con- 
crete or in concrete used for fireproofing structural members 
where lightness and little strength are required. 

(2) Gradation. — Screened coarse aggregate of a single size 
should not be used. Proper gradation of sizes is even more 
important in coarse aggregates than in fine. Table LXXXTJ 
gives a suitable gradation for coarse aggregates. 
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Table LXXIIT. — Gradation of coarse aggregate 





Percent 

by 
weight 


Maximum size (mesh screen).. 


97-100 
40-70 
0-6 


One-half size (mesh screen) , 


Number 4 sieve __ ._. 





(3) Size. — The maximum size of coarse aggregate depends 
upon the use to be made of the cencrete. For plain concrete 
in mass construction the maximum size may be from IV2 to 
6 inches. For thin reinforced members a maximum of % inch 
is used, while rarely in reinforced work is a diameter 
greater than 1 inch advisable. The use of large stones in 
plain concrete is permissible, provided they are of good qual- 
ity, well covered, and do not occupy more than one-third of 
the total mass, 

■ 255, Water. — a. Function. — The function of water in con- 
crete is threefold: 

(1) It unites chemically with the cement to form a binding 
material. 

(2) It acts as a carrier for the cement, carrying it through- 
out the mass of the aggregate during the mixing. 

(3) It acts as a lubricant between the particles of the 
aggregate. 

b. Quality. — Water used for concrete should be clean and 
free from excessive amounts of oil, acid, alkali, organic, or 
other deleterious matter. Sea water is not as desirable as 
fresh water because of its corrosive effect on reinforcement 
and should not be used except in an emergency, 

■ 256. Proportioning Concrete Mixtures. — a. General prin- 
ciples. — Concrete mixtures should be proportioned in accord- 
ance with the following principles: 

(1) For any truly plastic concrete mixture, the strength 
of the concrete produced will vary as the ratio of moisture 
to cement content is varied, and the strength will be higher 
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as the water-cement ratio is lower. The relationship is a 
curve, and necessarily varies somewhat for any particular 
job. However, the curve relationship and the actual unit 
strengths obtained are quite constant. Control of the water 
content is therefore essential in order to obtain any particular 
desired strength. 

(2) It is desirable also to control the amount of cement 
used. Increased cement increases workability. However, ex- 
cessive cement in large sections causes excess internal heat, 
often resulting in cracking. Also, of course, for reasons of 
economy, it is desirable to use no more cement than neces- 
sary. Generally the amount of cement used is determined 
by adopting a certain volumetric ratio of cement to aggre- 
gates. 

(3) Prom a consideration of the above the necessity of 
proper grading of aggregates can be seen, since it is only by 
obtaining properly graded aggregates that the cement and 
water content can be held down to figures giving the best 
results and still produce a workable mix. 

(4) A practicable method of achieving the above results 
is to decide on a suitable water-cement ratio, obtain aggre- 
gates which, because of their grading, have only a relatively 
small percentage of void spaces, decide on a suitable ratio of 
cement to aggregates, and test the proposed mix for slump. 
(See c below.) If the slump is excessive, it may be possible 
to increase the aggregate percentages, particularly that of 
the large-sized aggregates, thus obtaining a better cement 
yield. Or if it appears most desirable to obtain a higher 
strength of concrete, the water-cement ratio can be reduced. 
If the slump indicates that difficulty will be had in placing due 
to lack of moisture and a truly plastic mix, the difficulty is 
probably due to an excess of fine aggregate. In this case the 
proportion of large aggregate should be increased. If the 
mixture appears harsh and lacking in workability, an effort 
should be made to increase this quality of the mix by better 
grading of aggregate and the introduction of additional fine 
aggregates, particularly fines. It may also be necessary to 
reduce the volume of the large aggregate. If this is not 
possible, consideration must be given to increasing the ce- 
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ment content (and water) or increasing the water-cement 
ratio (which of course will decrease the strength of the con- 
crete). In addition, it may be possible to obtain vibrators 
for placing which will make the use of a harsher mix prac- 
ticable. If the mixture appears to lack sufficient cement 
paste to fill the voids, a better grading of aggregates must be 
sought. If this is impossible, the ratio of cement volume to 
aggregate volumes must be increased. Finally when a mix is 
decided on, if the work is important and time is available, it 
is desirable to make test cylinders and test the strength of 
the proposed concrete at 7 and 28 days. 

b. Strength of concrete. — (1) Table LXXTV gives the com- 
pressive strength of concrete as determined by the water- 
cement ratio. 



Table LXXIV.— Strength of concrete mixtures 



Water content in United States gallons per &4-pouod sack 
of cement ' 


Assumed compressive 
strength at 28 days in 
pounds per square 
inch 






8 - 


1,760 
2, 300 
3,000 
3,800 


2,750 
3, 300 
4,000 
4,900 


6 


5 - - 





1 Surface water or moisture carried by the aggregate must be included as a part of 
the mixing water. 

^ Data published at time water-cement ratio strength law was announced in 1918. 
These values should be used in the absence of preliminary tests and careful control. 
J Values representative of present-day cements. 

(2) Table LXXV gives the approximate quantity of sur- 
face water carried by average aggregates which must be in- 
cluded as a part of the mixing water in computing water- 
cement ratios. 
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Table LXXV. — Approximate quantity of surface water carried 

by average aggregates 



Aggregate 



Gallons per 
cubic foot 



Very wet sand 

Moderately wet sand 

Moist sand^__„ 

Moist gravel of crushed rock. 



Hto I. 
About Y2. 
About J<. 
About y A . 



c. Slump test. — The slump test is a convenient method of 
measuring the workability of a concrete mix, A conical shell 
of 16-gage galvanized metal with a base 8 inches in diameter, 
a top 4 inches in diameter, and an altitude of 12 inches is 
filled to overflowing with concrete rodded into the shell in 3 
separate layers, each layer receiving 25 strokes of a %-inch 
bullet-end rod 24 inches in length. The excess is carefully 
struck off and the mold is at once lifted, slowly and vertically. 
The amount of drop of the top of the mass below the original 
12-inch height, measured in inches, is known as the slump 
and is a measure of the workability of the mix. Table 
LXXVI gives slumps which have been found suitable for 
mixes used in various types of structures. 



Table LXXVI. — Suitable slumps for concrete 





Slum^ (inches) 


Type of structure 








Minimum 


Maximum 


Massive sections, pavements, and floors laid on ground. __ 


1 


4 


Heavy slabs, beams, or walls . 


3 


6 


Thin walls and columns, ordinary slabs or beams. , _ _ _ _ 


4 


8 



d. Trial batches. — Table LXXVII shows trial mixtures for 
various water-cement ratios. The exact proportions should 
be determined by making up full-sized trial batches, using the 
aggregates selected for the job. 
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Table LXXVII. — Trial mixtures for various water-cement 

ratio ft 

Water-cement ratio gallons per sack 



3 to 4... 
5to7 — 



:uo4._ 

5to7._ 



Slump (inches) 



Trial mix dry compact volumes for 
maximum sue of aggregate indicated 




Water-cement ratio 6 gallons per sack 



1:2:3.— 



Water-cement ratio gallons per sack 



2 inches and over 
U2-.W. 



1:1^:3. 



H to i 

'A to 4.. 
. r t to 7 



1:2:3 



Watcr-ocmcnt ratio 7\*i gallons per sack 



1:2^:4. 

1:2M:3^. 

1:2:3M. 



14 to 1 
:i to4__ 
S to 7. 



1:3:4 



1:3:4%. 



NOTES 

1. Water-cement ratios indicated include moisture contained in the aggregate. 

2. Proportions are given by volume, aggregate dry, and compact. Thus 1:2: 3>£ indi- 
cates 1 volume of cement, 2 volumes of sand, and 3J-£ volumes of coarse aggregate, 

3. If the aggregates are to be measured fn the damp &nd loose condition they will 
occupy greater volumes than when dry and compact. Amount should be deter- 
mined by test. Approximate average value for sand, 20 percent; foT coarse aggregate, 
fi percent. 
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■ 257. Quantities of Materials, — The following table may be 
used to estimate quantities of materials required in concrete 
construction. 



TAnr.E LXXVI1I. — Quantity of materials 



Mix by volume job damp materials 


M atari 

Cement 
(sacks) 


als per cub 
of concrete 

Sand 
(cubic 
feet) 


ic yard 

Stone 
(cabic 
feet) 


1 bag 
natch 

feet) 


1 


m:2 


9,6 


12.0 


19. 1 


2.S2 


1 


1^:3 .... 


7.6 


11.4 


22.8 


3. 55 


1 


2:3 ... ._ 


7. 1 


14.2 


21.3 


3. 82 


1 


2:3,5 


6.5 


13.0 


22.7 


4. 16 


1 


2:4 


6.0 


12.0 


24.0 


4.47 


1 


2.2:3 


6.8 


15.0 


20.4 


3.S7 


1 


2.2:3.5 


6. 3 


13.9 


22.2 


4. 26 


1 




6.5 


16. 1 


19.4 


4, 13 


I 




6.0 


15, 0 


21.0 


4. 49 


1 




5.6 


14.0 


22.4 


4. S3 


1 




5.0 


12.5 


25.0 


5. 43 


1 


3:5 


4.7 


14. 1 


23.5 


5. 76 


1 


3:6 ____ 


4.2 


12.6 


25.2 


6. 38 


1 


3*4.4 


5.2 


16.2 


20.8 


5,21 


1 


3H:5.„ 


4.6 


14.5 


23.2 


5. 82 


1 


334:5 


4.3 


16.0 


21.4 


6. 32 


1 


:3^:6_ ... 


3.9 


14.7 


23.5 


6. 89 


1 


m — 


15.5 


23.. Z 




1.T7 


1 


2. -- 


12.8 


25.6 




2. 13 








B 258. Mixing Concrete. — a. 


Hand 


mixing 


.—The 


mixing 



platform must be tight and of sufficient size to accommodate 
men and materials. A suitable size for single batches is about 
1Q feet square. Batches should not exceed i cubic yard or be 
larger than can be placed in 3Q minutes. All materials should 
be stored near the mixing platform and should be measured 
by shoveling them into bottomless boxes set upon the plat- 
form. (See table IiXXIX.) 
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Table LXXIX.^ — Dimensions for measuring boxes 



Inside measure (inches) 



Capacity (cubic feet) 



Length 



Breadth 



Height 



ljtf 



2 



2H — 

2H- — 



12 
15 
15 
15 
IS 
IS 
1$ 
18 
18 



12 
15 
15 
15 
18 
18 
18 
J8 
18 



12 

KM 

mi 

12 

16 



A satisfactory procedure for hand mixing is as follows; 
Spread the sand for a batch evenly on the platform to a depth 
of 3 or 4 inches. Spread the cement upon the sand. Mix 
sand and cement until the mixture is uniform in color. Three 
turnings will usually be sufficient. Add the quantity of water 
as determined by the water-cement ratio and mix. Spread 
mortar out and add coarse aggregate, first wetting the coarse 
aggregate if it is drier than was assumed in designing the mix. 
Turn the mass over three or four times until thoroughly 
mixed. 

b. Machine miocing. — Machine mixing is superior to hand 
mixing, both in Quality of concrete produced and in economy 
of time and labor, and should be the rule if a mixer is avail- 
able. Known volumes in measured wheelbarrows or two- 
wheeled buggies should be used on large jobs to save time 
and effort. 

c. Time. — Machine mixing should continue for at least 1 
minute after all the materials are in the mixer. Little is 
gained by continuing the operation beyond 2 minutes. 

■ 259. Forms. — a. General. — Forms must be tight, rigid, and 
strong enough to sustain the weight of the concrete. In 
vertical members the hydrostatic pressure of green concrete 
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may be 145 to 150 pounds per square foot per foot of height. 
Ease of erection and removal must be, considered, 

b. Materials. — White pine, spruce, and the softer southern 
pines are the best lumber for forms. All lumber should be 
dressed at least on one side and both edges. The edges may 
be cut square or tongued and grooved. If only poor lumber 
is available, sheet metal, plywood, or tar paper will give a 
smooth surface and prevent leakage of cement paste from 
the forms. Forms should be constructed with a view to using 
the material again either for forms or for other purposes. 
(See fig. 150,) Either 1- or 2-inch boards are suitable for 
lagging. One-inch lagging requires supports spaced 18 to 




Figure 150. — Sectional "wall lorm. 



24 inches apart, Two-inch lagging requires supports 4 to 5 
feet apart. Studding or joists should be 2 by 4 inches to 
2 by 6 inches for 1-inch lagging and 4 by 6 inches to 4 by 10 
inches for 2 -inch lagging. Concrete can often be placed in 
an excavation without exterior forms. 

c. Bracing. — Forms must be carefully braced to prevent 
deformation. One method is by the use of external inclined 
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braces. (See fig. 151.) To prevent spreading, the forms 
should be fastened together with wire or bolts (see figs. 150 
and 152) which become imbedded in the concrete and which 
are cut on the outside when the forms axe removed. Spread- 




FiGtntE 151. — Typical externally braced form. 



ers, removed as the concrete rises, may be used to keep iorms 
apart, Flat floor forms must be braced from below. For 
column forms (fig. 153) clamps are used to brace and enclose 
the forms. 



248037° — 40 27 
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Figure 152. — Tying forms with wire. 




Picube 153. — Column form. 
414 
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d. Cleaning. — Before concrete is deposited all debris, such 
as sawdust, shavings, etc, must be removed. If the form 
material has been used previously, all dry concrete must be 
removed from the inside of the forms. The forms should 
be wet or oiled before the concrete is placed. 

e. Removal. — It is vitally important to allow sufficient time 
for the proper hardening of concrete. Usually, forms should 
remain in place longer for reinforced than for plain concrete 
and longer for horizontal than for vertical members. The 
following data will serve as a guide: 

(1) Walls in mass work. — One to 3 days. 

(2) Thin walls. — In summer, 2 days; in cold weather, 5 
days. 

(3) Columns. — In summer, 2 days; in cold weather, 4 days. 
Concrete has usually hardened sufficiently to permit the re- 
moval of forms when it has a distinctive ring under the blow 
of a hammer. The basic rule to be observed is "It is better 
to leave the forms on too long than to remove them too soon." 

■ 260. Placihg Concrete. — a. Prevention of segregation. — In 
the placing of concrete, great care must be exercised to pre- 
vent segregation. Forms should be filled evenly from several 
points. Filling continuously at one point allows the material 
to segregate as it flows a considerable distance to nil the 
form. 

o. Laitance. — Laitance is a whitish, chalky substance con- 
sisting of the finest particles of the cement, together with 
some of the clay and silt of the aggregate. It comes to the 
surface of freshly mixed concrete, and, as it hardens very 
slowly and never acquires much strength, constitutes a plane 
of weakness unless thoroughly removed. The existence of 
laitance indicates that an excess of water is present in the 
concrete mixture. 

c. Tamping. — Dry concrete should be tamped in layers of 1 
to 2 feet in thickness. Wet concrete requires little or no ram- 
ming but should be spaded to remove entrained air and to 
bring the concrete into all corners of the forms. Mechanical 
vibrators permit the use of a more sluggish or leaner mixture 
and make possible the flow of concrete through small open- 
ings and around closely spaced reinforcement. Some tamp- 
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ing is always necessary when concrete is placed in narrow 
sections or confined places. 

d. Delays in pouring. — It is highly desirable to pour con- 
crete continuously until the structure is completed, since a 
stoppage forms a plane of weakness. Where this is impos- 
sible, stop boards should be placed where shear is a minimum ; 
that is, vertically in the center of the span and at right angles 
to the axis of the span in the case of beams and slabs. In 
pouring walls or footings a section should be marked off with 
stop boards equivalent to a day's pouring and that section 
built to its full height. (See fig. 150.) 

e. Joints. — Construction joints are necessary to allow for 
the change in volume of the concrete under the influence of 
temperature changes. Expansion joints in floors exposed to 
the weather, sidewalks, curbs, etc., are usually not more than 
5 or 6 feet apart, while in thicker construction they can be 
farther apart. Retaining walls and abutments have vertical 
contraction joints 25 to 50 feet apart, and culverts and sewers, 
which are less exposed to temperature changes, have joints 
60 to 75 feet apart. 

f. Bonding. — In joining fresh concrete to concrete which 
has hardened, all laitance, loose material, and dirt should 
be removed from the top of the old concrete, and the surface 
roughened with a pick. A coat of cement grout about V 2 
inch thick should be applied and carefully covered with a 
thin layer of concrete. Pouring of fresh concrete may then 
be resumed. Other precautions for securing a good bond 
include embedding timbers in the old concrete before it has 
set to provide grooves in the surface when removed, partially 
embedding large stones in the upper surface of the old con- 
crete which serve to dowel the old and new surfaces to- 
gether, or using steel dowels. 

■ 261. Curing. — a. Moisture. — Concrete hardens because of 
the chemical reactions between cement and water. It is im- 
perative that the concrete be prevented from drying out too 
rapidly. Tests have shown that a concrete which is allowed 
to dry out immediately will usually reach a strength of not 
more than 50 percent of the strength of similar concrete kept 
moist over the entire period of curing. 
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b. Temperature.— Figure 154 shows graphically the effect 
of different conditions of temperature on the strength of 
concrete during the 28-day period. 

c. Methods of curing. — The main problem of curing in nor- 
mal temperatures is to prevent too rapid evaporation of the 
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Figure 154. — Effect of temperature on strength of concrete. 



water in the concrete. Wet burlap, canvas, straw, or earth 
coverings can be placed over the surface and, if kept con- 
tinuously wet, will give good results. Wetting the forms be- 
fore placing the concrete will prevent the wood from absorbing 
the water in the concrete. A flat surface can be kept wet by 
building small earth dykes around the surface and then flood- 
ing it. The surface may be kept continuously wet by water 
from small holes punched in a water pipe. Exposed surfaces 
should be prevented from drying out for at least 5 days, and 
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10 days' curing is much better. For curing in cold weather, 
see paragraph 262c. 

B 262. Special Processes. — a. Watertight concrete. — Con- 
crete under moderate hydraulic pressure can be made water- 
proof. The amount of mixing water should be a minimum 
and, in any case, should not exceed 6 gallons per sack of 
cement. Sound aggregates of low porosity must be used, par- 
ticular attention being paid to grading, thorough mixing, and 
proper curing. The structure should be poured continuously. 
The concrete, while still wet, may be coated with a rich 
cement mortar or, if the impermeable surface is to be below 
ground level, an impermeable bituminous material may be 
applied. Several alternate layers of asphalt and roofing felt 
placed between layers of concrete give good results. 

b. High early strength cements. — (1) General. — The use of 
high early strength cements is particularly important in 
military construction. It reduces the time of curing from a 
minimum of 5 days to 2 days, and permits the use of a struc- 
ture in a much shorter time. High strength at an early age 
can be secured either by the addition of accelerating agents 
to standard portland cements or by the use of special cements 
designed tc give high early strength. 

(2) Accelerating agents. — The most commonly used ac- 
celerating mixture is calcium chloride. An 8 -percent solution 
in water is used in mixing the concrete. This solution may 
be conveniently made by adding 5 pounds of calcium chlo- 
ride to each 10 gallons of water, and will reduce the time of 
set by 25 to 30 percent. By applying live steam, up to 80 
pounds per square inch gage pressure, the hardening of con- 
crete can be greatly accelerated. Concrete exposed to steam 
under pressure for 24 hours has reached a compression 
strength in 2 days twice as great as unsteamed concrete 
reaches in 28 days. 

c. Handling concrete in cold weather. — (1) Effect of freez- 
ing temperatures. — Low temperatures greatly slow up the set 
of concrete. When the temperature falls below freezing, the 
expansion of water in freezing exerts a force sufficient to de- 
stroy the cohesion between the particles of the green con- 
crete, and the concrete is rendered worthless. 
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(2) Methods of protection. — In freezing weather, the 
temperature of concrete should be not less than 70° P, for 
the first 3 days. The following methods may be used to 
maintain the proper temperature in the concrete during 
curing: 

(a) Heat the water and aggregates before mixing. (Con- 
crete should not have a temperature above 100° F.) 

(b) Cover concrete in place with insulating material, such 
as straw, manure, etc. 

(c) Provide artificial heat by canvas enclosures heated with 
salamanders, live steam, or unit heaters. 

d. Placing concrete under water. — If practicable, concrete 
should not be placed under water, but instead the area of 
operation should be unwatered. However, many times this 
may not be possible. Concrete can be successfully placed in 
water where there is little current. Contact of the con- 
crete with water does not affect the interior of the mass but 
does wash out some of the cement at or near the surface. 
Concrete is commonly placed under water by one of the fol- 
lowing methods: 

(1) Drop-bottom buckets. — The bucket should be raised 
and lowered slowly to avoid backwash. 

(2) Tremie. — A tremie is a large tube, 12 inches or greater 
in diameter, which is kept filled with concrete, the concrete 
escaping through the bottom as the tube is shifted along the 
working surface. 

(3) In cloth or paper bags. — The bags are loosely filled, 
and, when placed in position, flatten out, and their contents 
cement themselves together. 

■ 263. Reinforced Concrete. — a. General.— Ordinary con- 
crete is about 10 times as strong in compression as in tension. 
For this reason, if full advantage is to be taken of the com- 
pressive strength of the concrete of any member subject to 
transverse stresses, it will be necessary to add material to 
withstand the tensile stresses developed. For this purpose 
steel rods or mesh are used to reinforce the concrete. 

Z>. Reinforcing steel. — (1) Types. — Round or square rein- 
forcing steel bars may be either plain or deformed. Mesh 
may be composed either of expanded metal or of woven wire 
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netting. Mild steel Is generally considered the best material 
for reinforcing rods. 

(2) Sizes. — Rods are usually cut and bent to shape at the 
site of the work. The sizes of steel should be kept to an abso- 
lute minimum. ' Good practice calls for the proportioning of 
steel so that the sizes vary in diameter between y a inch and 
1 Y4 Inches. The area of steel should be from 1 to 3 percent 
of the effective area of the concrete. 

(3) Bond. — Bond is affected by the shape and condition of 
surface of the reinforcing rods. The size of the rod does not 
affect the unit bond strength. Square bars are only about 75 
percent as strong in bond as round ones of the same cross 
section, and flat bars have even less strength. Oil and paint 
reduce bonding strength. Rust scales should be removed 
from reinforcing material by the use of a stiff wire brush, 

(4) Reinforcement should be placed at least 2 inches from 
the nearest face of the concrete section. 

c. Reinforcing concrete shelters. — Concrete, properly rein- 
forced, is highly resistant to artillery fire. Reinforcement 
such as railroad rails and I-beams placed in layers and cov- 
ered with a thick layer of concrete does not resist the shock 
of artillery fire, as the concrete is either destroyed or moved 
bodily from such reinforcement. Reinforcing should con- 
sist of small rods or mesh, large steel sections being used 
only when small sections are not available. The most suit- 
able type of reinforcement is a grid of V2-, %-, or 1-inch 
soft steel bars arranged to form squares of 6 to 10 inches 
and wired together at the crossings. The weight of the rein- 
forcement should be 0.75 to 1 percent of the total weight of 
the concrete. Joints in bars must have a lap of not less than 
50 diameters. The grids should be placed at least 3 inches 
from the inner and outer surfaces of the shelter. Good prac- 
tice in placing the reinforcing is as follows: 

(1) Use steel bars or rods not over l l A inches in diameter 
or heavy mesh having an effective area of at least */ 4 square 
inch per foot of width. 

(2> Place reinforcing parallel and close to the inner sur- 
faces of the roof, walls, and floor. 

(3> Place additional reinforcing material close to the 
outer surface to assist in resisting the penetration of the 
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shell and to distribute the stresses to the mass of the 
concrete. 

(4) Tie the two layers of reinforcing together with stirrups 
to resist shear and splitting of the concrete. 

SECTION II 

QUARRY OPERATIONS 

■ 264, Selection of Site. — a. General. — Because of the ton- 
nage of materials involved and the probable inadequacy of 
transportation facilities in the theater of operations, it often 
will be necessary for military engineers In the forward areas 
of the combat zone to open and operate small temporary quar- 
ries for local supply in the construction and maintenance of 
routes of communication. Quarries established in rear areas 
will usually be of large capacity and of a permanent nature. 

b. Reconnaissance. — The search for possible quarry sites, 
with a view to limiting the amount of transportation neces- 
sary on road work, is a function in each area of the unit 
engineer. Valuable information as to available sites often 
can be obtained from maps and reports and from local in- 
habitants, especially highway engineers and contractors, 
familiar with the area. 

c. Bases for selection. — The fallowing points should be con- 
sidered in the selection of a quarry site : 

(1) Quality of rock. — The best rocks for road construction 
are those which are hard, tough, and have good cementing 
value, 

(a) Trap rocks possess the required qualities to the highest 
degree and are most suitable for heavy duty roads. 

(&) Granite is hard, igneous rock, much used in road con- 
struction. It is lacking in cementing value, so that some 
suitable material must be supplied to correct this deficiency. 

(c) Limestone is soft and brittle but possesses excellent 
cementing value. It may be used for the artificial foundation 
of a macadam road if a tough wearing course is provided. If 
it is used for the entire crust, heavy maintenance will be 
required. 

(d) Sandstone is soft and brittle and lacks cementing 
value. It may be used as an artificial foundation. 
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(e) Military necessity often will require the use of field 
stones, but they are variable in composition and in the effects 
of weathering" wear unevenly and require heavy maintenance. 

(2) Quantity. — The quantity of rock available at any site 
depends upon the thickness and uniformity of the beds and 
upon the dip of the strata. Horizontal or slightly inclined 
strata are favorable signs' of a large supply, while a stratum 
dipping sharply away from the face may indicate a limited 
available supply because of the excessive work of removing 
the overburden of earth or unusable rock as the quarrying 
proceeds. 

(3) Location. — The most favorable location for a quarry is 
on a hillside. Such a location facilitates drainage and the 
removal and disposal of overburden and permits the maxi- 
mum utilization of gravity in moving materials through the 
various quarry operations. 

■ 265. Development and Operation. — a. Removal of over* 
burden. — Once the site has been selected, the first step is to 
lay bare the surface of the rock, removing all the overburden. 
As a general rule the rock should be kept Clean for at least 
20 feet behind the working face. Small quantities of over- 
burden can be removed with pick, crowbar, and shovel. For 
larger operations blasting and power machinery may be 
necessary. 

b. Access. — A well-constructed road, connecting the quarry 
with the route over which the crushed stone is to be trans- 
ported, is essential. A part of the overburden often may be 
used in constructing a suitable foundation for the road. 

c. Working faces. — In developing a quarry, large working 
faces and a floor designed to utilize gravity are desirable. 
On long hillsides several faces may be developed by offsetting 
each from the adjoining face. On high hillsides faces may 
be developed one above the other by terraces. A working 
face should be attacked throughout its entire height, and 
the product dropped to its foot. A rough rule for the length 
of face in a military quarry ts that each linear yard should 
produce one cubic yard of material per day. 

d. Extraction. — In small quarries, hand drills and explo- 
sives are used in loosening the rock from the working face. 
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Power drills greatly speed up drilling operations. In exca- 
vating 1' cubic yard of solid rock, l A to % of a pound of 40- 
percent dynamite is required. For estimating purposes, 
assume x /z pound per cubic yard of rock. The TNT carried 
in platoon demolition sets can be used for quarrying in an 
emergency but it is not as satisfactory as 40-percent dynamite 
for this work. 

e. Breaking up. — The large pieces of rock blasted from the 
face may be broken into sizes suitable to the crushers by 
explosives or by hand, depending upon the kind of rock and 
the plant and labor available. For estimating purposes, 
assume a man can break, by hand, 1 cubic yard of rock per 
day, 

/. Transportation. — Transportation to the crushers may be 
by wheelbarrow, cart, wagon, truck, or narrow gage railroad. 
In small operations it may often be convenient to feed the 
rock into the crushers by inclined chutes leading from the 
working platform. 

g. Crushing. — On small emergency jobs, rock may be 
crushed by hand, but generally crushing is done lay portable 
mechanical crushers ranging in capacity from 10 to 40 tons 
per hour. Larger crushers with capacities up to 600 tons per 
hour are used in permanent installations. One cubic yard of 
solid rock in the quarry face will produce approximately 1.9 
cubic yards of crushed rock. (See par. 39b.) 

ft. Screening and storage. — In small operations crusher- 
run rock may be used without screening. In larger plants 
bucket elevators carry the output of the crusher to elevated 
flat reciprocating or revolving circular screens so mounted 
that the broken stone will gravitate from one to the other. 
Bins are arranged so that the products from each screen 
will fall into a separate compartment from which they may 
be loaded by gravity into vehicles or cars as desired. Storage 
bins are very useful in that they permit continuous opera- 
tion of the crushers regardless of nonuniform hauling opera- 
tions. If no bins are provided, the crusher must either shut 
down when no transportation is available or else the crushed 
rock must be piled on the ground and reloaded into vehicles 
by hand or elevating machines. 



423 



INDEX 



Abutment, bridge: Paragraphs Pages 

General 53 76 

Masonry , „ 55 81 

Adaptation of commercial railways 121 215 

Aggregate : 

Coarse, in concrete „ 254 404 

Pine, in concrete 263 402 

Air corps facilities, construction: 

Airdromes 198 324 

Depots 199 325 

General 197 323 

Hangars 200 326 

Air defense in construction 180 287 

Alinement of railway track 153 247 

Anchorage : 

Floating bridges 92 170 

Rigging „ 246 385 

Animal watering 203 330 

Approaches, bridge 52 75 

Area responsibility, roads 2 2 

Artesian wells, quantity of flow 209 338 

Ballast, railway 139 232 

Ballasting', railway 153 247 

Barracks ; 

Construction 183 301 

Material 181 288 

Bases for selection of quarry sites 264 421 

Bathhouses, construction 186 306 

Beams 59,64 87,95 

Bearing power of soil 64 79 

Bent: 

Pile 67 107 

Trestle 66,95 104,175 

Blade graders 40 60 

Blocks and tackle. (See Rigging.) 

Boats 114-115 200-206 

Bond in reinforced concrete 263 419 

Bonding, in concrete 260 415 

Bridges: 

Abutment 53,55 76,81 

Allowable load: 

General 73,74 112,117 

Stringers 75 120 

Anchorage, for floating bridges 92 170 

Approaches 52 75 

Bars, size 78 130 

Beams 59, 64 87,95 

Bearing power of soil „_ 54 79 

Bent : 

Pile 67 107 

Trestle 66,95 104,175 

Bolts, size 78 130 

Cables 79 135 

425 



INDEX 



Bridges— Continued. Paragraphs Pages 

Characteristics of ponton 90 167 

Classification, military 49,57 71,82 

- Columns 66,76 104,125 

Construction materials: 

General 50 72 

Trestle 98 177 

Curbs 69 109 

Dead loads 75 120 

Deadman 79,246 135,385 

Demolition charges or chambers 56 82 

Design : 

Abutment 53 76 

Approaches 52 75 

Bending, maximum 60 89 

Curbs 69 109 

Flooring 69 109 

Footings 54 79 

Foundations „ . 54 79 

Other design criteria 58 85 

Piers, timber 68 108 

Pile bents 67 107 

Rails 69 109 

Railway 158 261 

Stresses ~ 59 87 

Stringer : 

Design 64 95 

Distribution 63 94 

Trestle bents 66 104 

Draw spans, floating 91 169 

Earth: 

Bearing power 54 79 

Holding power, deadman 79 135 

Embankments 102 186 

Erection 103 187 

Floating : 

Anchorage 92 170 

Characteristics 90 167 

Draw spans 91 169 

Improvised 94 173 

Maintenance 93 171 

Passage of troops„ „„ 93 171 

Personnel and time to construct 90 167 

Protection 93 171 

71/3 -ton, model 1926 87 154 

10-ton, model 1938 88 163 

23 -ton, model 1924 89 163 

Flooring 69 109 

Footbridge, floating: 

Model 1935 85 142 

Kapok 86 153 

Footings 53, 54 76, 79 

Formulas, stringer 75 120 

Guards. 1 93 171 
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101 186 

78 130 

93 171 

69 109 



Bridges— Continued. Paragraphs Pages 

I-beams, table 64 95 

Ice 68 108 

Impact , 51, 75 74, 120 

Improvised floating 94 173 

Loads: 

Allowable 73,74 112,117 

-General 57 82 

Stringers 75 120 

Type 74 117 

Maintenance: 

Floating 93 171 

Railway. . 168 269 

Masonry abutments 55 81 

Materials : 

Construction 50 72 

Standard stock age 97 177 

Nomenclature 48 69 

Nuts, size 78 130 

Piers, timber 68 108 

Piles 67 107 

Ponton. (See Bridges, floating.) 
Portable, steel truss: 

H-10 100 181 

h-20 : 

Problems, truss 

Protection 

Rails 

Railway: 

Design and capacity.. , 158 261 

Maintenance 168 269 

Reconnaissance : 

Allowable load, determination of 73,74 112,117 

Party 71 111 

Reports 71,73 111,112 

Stringers 75 120 

Supports 76 125 

Tactical 72 ill 

Technical- 73 112 

Repair of existing 104 188 

Requirements, military 83 140 

Safety factors _ 51 74 

Short span crossings . . 102 186 

Sizes of bars, bolts, nuts, and washers 78 130 

Spar 102 186 

Standard stockage of materials „ 97 177 

Steel stringers: 

General 50 72 

Safe working stresses 62 92 

Standard I-beams 64 95 

Steel truss 100-101 181-186 

Stresses 59, 62 87, 92 

Stringers : 

Diagrams 64 95 

General 61,63,64,75 91,94, 

95, 120 

Steel 50,62,64 72,92,95 
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Bridges — Continued. Paragraphs Pages 

Supports 65,76 104,125 

Suspension 79 135 

Umber: 

Piers 68 108 

Safe working stresses 62 92 

Trestle : 

Bents 65,76,95 104, 

125,175 

Construction . — 98 177 

Description 96 176 

Expedients - 99 181 

Standard stockages 97 177 

Trusses 77, 78 127, 130 

Types; 

General 49 71 

Military bridges , 84 141 

Vehicle weights 57 82 

Wood: 

Beams, rectangular, safe loads 64 95 

Piers 68 108 

Safe working stresses 62 92 

Sizes 50 72 

Washers, size 78 130 

Buildings: 

Erection _ 194 317 

Standard 181 288 

Unit requirements , 194 317 

Bulldozers 40 60 

BunKSj design 183 301 

Cables 79 135 

Camouflage of water-supply establishments 202 328 

Camp lighting 235 368 

Camps, semipermanent, construction 182 299 

Capacity: 

Railway bridges - 134 227 

Railway cars 133 227 

Railways ^ 130 225 

Roads: 

Determining factors 3 3 

Effect of vehicle speed 3 3 

Requirements of large units 4 4 

Captured railway 126,159 221,264 

Car lengths, railway _ 130 225 

Carbon, activated, in water purification 221 356 

Cargo capacity of railway cars_„__„ 170 269 

Cars, types and sizes of railway 130, 170 225, 269 

Cement 252,262 401,418 

Chains. {See Rigging.) 
Characteristics: 

Copper wire „ 242 370 

Ponton bridges ^ 90 157 

Classification : 

Military bridges 49.57 71,82 

Military roads 7 6 

Clearance, railways 139 232 
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Climate, effect of, on roaris_ 11 8 

Coarse aggregate in concrete 264 404 

'Columns 66, 76 104, 125 

Command responsibility, roads 2 2 

Commercial railways, adaptation 121 215 

Concrete : 

Accelerating agents . 262 418 

Aggregate : 

Coarse • 254 404 

Pine 253 402 

Bond, in reinforced 263 419 

Bonding 260 415 

Bracing forms 259 411 

Cement: 

General 252 401 

High early strengtn 252,262 401,418 

Shipment and storage 252 401 

Standard Portland 252 401 

Cleaning forms , 259 411 

Coarse aggregate 254 404 

Construction practices, military vs. civilian 251 401 

Curing 261 416 

Delays in pouring 260 415 

Durability of fine aggregate 253 402 

Field works 251 401 

Fine aggregate 253 402 

Forms 259 411 

Function of water - — , 255 405 

General construction in rear areas 251 401 

Gradation: 

Coarse aggregate 254 404 

Fine aggregate 253 402 

Hand mixing „ 258 410 

Handling in cold weather 262 418 

High early strength cements 252 401 

Joints 260 415 

Laltance„„ 260 415 

Machine mixing 258 410 

Materials : 

Forms 259 411 

Quantities 257 410 

Methods of curing 261 416 

Military -use 251 401 

Military vs. civilian practices of construction- 251 401 

Mixing 258 410 

Mixtures 256 405 

Moisture for curing 261 416 

Placing : 

General 260 415 

Under water 262 418 

Pouring, delays 260 415 

Prevention of segregation 260 415 

Proportioning mixtures 256 406 

Quality of water 255 405 

Quantities of materials 257 410 
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Concrete— Continued. Paragraphs Pages 

Reinforced 263 419 

Removal of forms 259 411 

Roads, maintenance and repairs 26 32 

Segregation, prevention 260 415 

Shelters, reinforcing 263 419 

Slump test 256 405 

Standard Portland cement. 252 401 

Strength 256 405 

lumping 260 415 

Temperature, effect on curing- ~ 261 416 

Time of mixing 258 410 

Tremie, placing „ 262 418 

Trial mixtures 256 405 

Water: 

Function __„ 255 405 

Quality 255 405 

Water-cement ratio . 256 405 

Watertight 262 418 

Weather, cold, handling 262 418 

Construction: 

Air Corps facilities: 

Airdromes , 198 324 

Depots 199 325 

General 197 323 

Hangars 200 326 

Air defense 180 287 

Barracks ^ „. 183 301 

Bathhouses ^ 186 306 

Bridge. (See Bridges.) 
Buildings. (See Buildings.) 

Bunks, design 183 301 

Camps, semipermanent 182 299 

Depots : 

Air Corps igg 325 

Ammunition 196 320 

General 196 320 

Motor transport 196 320 

Electric power J 192 317 

Erection of buildings 194 317 

Floors of barracks 181 288 

General principles 176-180 283-287 

Hangars 200 326 

Heating 193 317 

Hospitals 190 308 

Kitchen 185 305 

Landing fields 198 324 

Latrines . _ 188 306 

Lavatories 187 306 

Man-hours for construction of buildings 194 317 

Mess hail '_— 185 305 

Mess table, design 185 305 

Officers* quarters 184 305 

Organization 178 286 

Ports 195 319 

Principle general 176 283 

Quarters, officers' _ 184 305 
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Construction — Continued. Paragraphs Pages 

Railway. (See Railways.) 

Reconnaissance for sites 177 284 

Requirements, unit 194 ■ 317 

Road. (See Roads.) 

Scope 177 284 

Sheds 189 306 

Sites 177 284 

Stables 189 306 

Standard building 181 288 

Summary 201 326 

Supply facilities: 

Depots 196 320 

Ports 195 319 

Supply of materials 179 287 

Tent frames . „ 183 301 

Time for erection of buildings 194 317 

Troop facilities; 

Barracks 183 301 

Bathhouses , 186 306 

Electric power 192 317 

Erection of buildings ■ 194 317 

Heating 193 317 

Hospitals 190 308 

Kitchen 185 305 

Latrines 188 306 

Lavatories 187 306 

Mess hall 185 30a 

Officers' quarters 184 305 

Semipermanent camps 182 299 

Sheds 189 306 

Standard building 181 288 

Water 191 317 

Ventilation 181 288 

Warehouse. 196 320 

Window sash 181 317 

Water 191 317 

Consumption of water -± 227 362 

Craters in roads: 

Man-hours for repairs 24 29 

Repair 24 29 

Crushing rock in quarrying 265 422 

Culverts 18 17 

Curbs, bridge 69 109 

Curing concrete - 261 41ft 

Curvature: 

Railways 132 226 

Roads , 8 ft 

Turn-out, on railways 157 256 

Curves, railway: 

General 147 240 

Superelevation 166 25ft 

Dams - 211 344 

Dead loads, bridge <- 75 120- 

Deadman 79, 246 135, 385- 

Demolition charges or chambers, bridge 36 82: 
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Depots, construction: Paragraphs Pages 

Air Corps 199 325 

Ammunition 196 32o 

Gjeneral 196 320 

Motor transport 196 323 

Derrick, (Standing 249 389 

Design of bridges. (See Bridges.) 

Design requirements, roads 8 6 

Detour plan, railways 121 215 

Disinfection of water 219 353 

Distances, economical, by railway 119 213 

Distributing points lor water, location, operation, 

and layout 203 330 

Distribution, water. (See Pipe distribution.) 

Ditches, road , 17 16 

Divisions, railway, operating and grand 122 215 

Drag, road 28, 32 41, 45 

Dragline excavators _ 40 60 

Drainage, road 16-19 16-21 

Draw spans, floating bridges SI 169 

Dressing, track 153 247 

Duties of engineers in water supply 202 328 

Earth; 

Bearing power ; 54 79 

Holding power, deadmaiu 79,246 135,385 

Transportation ___ 40, 41 60,65 

Earth roads: 

Construction 31 45 

Excavation , ,„ 20 21 

Grading equipment 40 60 

Loading 120 213 

Earthwork, estimation 14,20 10,21 

Electric power in construction 292 317 

Electricity: 

Barracks, electrical material for 242 370 

Camp lighting 23 5 368 

Copper wire, characteristics 242 370 

Equipment 232 366 

Generator, 5-kva 233 367 

Headquarters lighting 236,237 368 

Hospitals, light and power requirements 238 369 

Material for standard barracks 242 370 

Military requirements 235-238 368-369 

Military use ___ 230 366 

Reconnaissance : 

Captured terrain _. 241 370 

Form for report 242 370 

General 240 369 

Party _ 239 369 

Sources 231 366 

Useful Information 234 367 

Wire, copper, characteristics ___ 242 370 

Embankments 102 186 

Engineer responsibility, roads 2 2 
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Equipment : Paragraphs Pages 

Electrical 232 366 

Railway 120 213 

Reconnaissance, water supply, 206 337 

Road 40 60 

Water supply 228 364 

Erection: 

Buildings 194 317 

Bridges 103 187 

Estimating quantities of materials for concrete. _ 257 410 

Expansion, rail_. , 153 24'7 

Ferries 117 208 

Field works, concrete for construction 251 401 

Filtration 218 353 

Fine aggregate for concrete 253 402 

Floating bridges (see Bridges) . 

Flooring of bridges — . 69 109 

Floors of barracks, plans 181 288 

Flow in pipes 226 359 

Footbridge, floating: 

Kapok ' 86 153 

Model 1935 85 142 

Footings, bridge 53,54 76.79 

Fords: 

Depth 106 194 

Location 108 195 

Preparation 108 195 

Requisites 107 194 

Rules for passage 109 196 

Forms, concrete . 259 411 

Formulas, stringer 75 120 

Foundation, road 20 21 

Frog, track 143,157 237,256 

Frost, effect on roads 11. 19 8,21 

Fuel, locomotive 170 269 

Gage, railway 138 232 

Generator, 5-kva 233 367 

Gin pole 249 389 

Gradation: 

Coarse aggregate for concrete- ~~ ~~ . 254 404 

Fine aggregate for concrete „ 253 402 

Graders, elevating 40 60 

Gradient: 

Hallway 131, 146 226,238 

Roads 

Grading: 

Railway 

Roads 

Grand divisions, railway 

Grubbing 

Guardrails, railway 

Guard timbers, railway 

Guards, bridge 

Hangars, construction 



Heating, 
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152 


245 


20 


21 


122 


215 


20 


21 


145 


238 


158 


261 


93 


171 


200 


326 


236, 237 


363 


193 


317 
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High early strength cements 252 401 

Holdfast 246 385 

Hospitals: 

Construction 190 308 

Light and power requirements 238 369 

Hydraulics, pipe 226 359 

I-beams, tagle 64 95 

IC6 I 

'■Effect on bridge 68 108 

Passage 110, 111 198 

Illustrative problems, truss bridges 78 130 

Impact on bridges 51, 75 74, 120 

Inspections, road , 14 10 

Jacks 250 389 

Joints: 

Concrete 260 415 

Rail , 142, 153 235, 247 

Kitchen, construction 185 

Knots. (See Rigging.) 305 

Laitance 260 415 

Landing fields, construction - ~ 198 324 

Lashing , 245 384 

Latrinea, construction 188 306 

Lavatories, construction 187 306 

Lighting: 

Camps 235 368 

Division headquarters 236 368 

Higher headquarters 237 368 

Hospitals 238 369 

Lining, track 153 247 

Loading railway cars 172, 173 280, 281 

Loads, bridge: 

Allowable 73,74 112,117 

General 57 82 

Stringers , 75 120 

Type 74 117 

Loads, securing on railway cars - 174 281 

Location, new railway: 

Field 150 244 

Paper 149 243 

Locomotives, railway 170 269 

Maintenance. (See Bridges; railways; roads,) 

Man-hours for construction of buildings 194 317 

Manning formula 226 359 

Masonry abutments -- 55 81 

Materials : 

Concrete forms 259 411 

Construction: 

Bridge 50, 97 72, 177 

Railway 153 247 

Road 9, 23 7, 26 

Quantities for concrete 257 410 

Standard barracks 181 288 
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Mess hall, construction 185 305 

Mess table, design . 185 305 

Military railway, definition _ 118 213 

Mines 24 29 

Mixing concrete 258 405 

Mixtures, concrete - 256 405 

Moisture for curing concrete 261 416 

Movement of troops by rail 119 213 

Nomenclature : 

Bridge 48 69 

Prog 143 237 

Road 6 5 

Split switch , 143 237 

Officers' quarters, construction 184 305 

Operating divisions, railway. 122 215 

Operating rules, railway 120 213 

Organization : 

Construction 178 286 

Operating water supply point 203 330 

Tracklaytng 153 247 

Paper location, new railway construction 149 243 

Piers, timber 68 108 

Pile bents 67 107 

Piles 67 107 

Pipe distribution: 

Distribution systems 224 358 

Pipe 225 359 

Pipe flow computations , 226 359 

Table of equivalents and constants 226 359 

Plant and equipment 39-44 57-66 

Platform for storage tank 203 330 

Plows 40 60 

Ponton. (See Floating bridges.) 
Portable, steel truss bridges: 

H-10 100 181 

H-20 101 186 

Portland cement, standard 252 401 

Ports, construction - 195i 319 

Pouring concrete 260,262 415,418 

Power shovels 40 60 

Principles, construction , 176 283 

Pumps 203 330 

Purification of water: 

Activated, carbon 22 1 356 

Disinfection 219 353 

Filtration 218 353 

General 2 16 350 

Methods 216 350 

Purification truck 223 357 

Sedimentation 217 351 

Small purification) plant 222 356 

Softening 220 355 
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Quality of water: Paragraphs Pages 

For concrete 255 405 

General 208 338 

Quarries: 

Bases for selection of sites , 264 421 

Crushing rock 265 422 

Development 265 422 

Operation 265 422 

Reconnaissance for sites 264 421 

Road material 39 57 

Quarters, officers' construction „ 184 305 

Radius of curvature, railways 147 240 

Rafts _ 116 206 

Rail expansion . , 153 249 

Rail fastenings 142 235 

Rail renewing 164, 165 26? 

Railheads 124 218 

Rails: 

Bridge 69 109 

Curving - - 154 255 

Cutting 155 255 

General 141 235 

Guard 145 238 

Superelevation 156 256 

Railways, military: 

Alinement of track 153 248 

Allowance for rail expansion 153 249 

Ballast 139, 153 232,247 

Ballasting 153 250 

Bridges: 

Capacity 158 263 

Design 158 262 

Maintenance 168 269 

Capacity; 

Cars 133, 170 227, 270 

Railway bridges 134 227 

Railways 130 225 

Captured 126,159 221,264 

Cargo capacity of cars 170 270 

Cars, types and sizes 130, 170 225,269 

Clearance 139 232 

Commercial lines, adaptation , 121 215 

Construction and location: 

Bridges - 158 261 

Curving rails 154 255 

Cutting rails 155 255 

Gage 138 232 

General.. 120, 126 213, 221 

Grading 152 245 

Guardrails _ . 145 238 

Line 146 238 

New 146, 148-157 238, 

242-261 

Rail fastening 142 235 

Rails 141 235 

Rehabilitation 159 264 
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Railways, military — Continued. _ . _ 

Construction and location— Continued. Paragraphs Pages 

Roadbed 139 232 

Stakes 151 245 

Steps 146 238. 

Subgrade 152 245 

Superelevation 156 256 

Switches _ 143,157 237,256 

Terminal facilities 137 231 

Ties 140 233 

Tracklaying 153 247 

Turnout 157 256. 

Yards 136 23fr 

Curvature: 

General 132 226 

Turnout 157 256 

Curves : 

General 147 240 

Superelevation 156 256 

Curving rails 154 255. 

Cutting rail 155 255 

Definition 118 213 

Detour plan 121 215 

Distances, economical 119 213 

Divisions, operating and grand 122 215 

Dressing, track 153 247 

Equipment 120 213 

Expansion, rail 153 247 

Frog 143,157 237,256 

Fuel, locomotive , 170 269 

Gage 138 232. 

Governing considerations 120 213 

Grade 146 238 

Gradient — , 131 226 

Grading 152 245 

Grand divisions 122 215. 

Guard rails 145 238 

Guard timbers 158 264 

Joints _ 142, 153 235, 249 

Lining, track 153 247 

Loading cars 172, 173 280, 281 

Loads, securing 174 281 

Locomotives „ 170 269' 

Maintenance standards 120 214; 

Maintenance of way: 

Bridges 168 269 

Renewing rails 164, 165 267 

Renewing ties 163 267 

Section 160 265 

Signals. 167 2 68. 

Switches 166 268 

Tamping 162 266 

Track 161 266 

Water supply 169 269 

Materials required 153 253 

Movement Of troops 119 213. 
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Bee on n aissanc e — Con tinued . 

Water— Continued. Paragraphs Pages 

Locating potential sources 207 337 

Quality 308 338 

Quantity 209 338 

Reports 210 341 

Sources of information 205 335 

Regulating stations 123 216 

Rehabilitation of captured railways 159 264 

Reinforced concrete 263 419 

Reinforcing concrete, shelters 263 420 

Repair : 

Bridges 104 188 

Roads: 

Delayed action mines 24 30 

General 22-38 26-57 

In forward areas 22 26 

Mine craters ^ 24 31 

Shell holes 24 31 

Trenches 24 30 

Requirements: 

Military bridge 83 140 

Unit, for buildings 194 317 

Water 227 363 

Reserved roads. . 5,6 4, 5 

Rigging : 

Anchorages 246 385 

Blocks and tackles: 

General 247 387 

Manila rope 250 - 389 

Sizes 250 389 

Wire rope 250 389 

Chains, strength and weight 250 889 

Characteristics of knots- 243 38I 

Deadman 246 386 

Definitions 243 380 

Gin pole 249 389 

Holdfast 246 385 

Holding power of deadman 246 386 

Jacks 250 389 

Lashing 245 334 

Rope, strength 250 389 

Slings 248 388 

Splices 244 383 

Standing derrick ' 249 339 

Roadbed, railway 120, 139 214, 232 

Roads: 

Area responsibility 2 2 

Asphalt 26 32 

Axial 6 5 

Belt 6 5 

Bituminous - — 23, 27 28,36 

Blade graders 40 64 

Brick, maintenance and repair 26 33 

Bulldozers . 40 62 

Capacity: 

Determining factors 3 3 

Effect of vehicle speed- — . 3 3 
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Railways, military — Continued. , _ 

Construction and location — Continued. Paragraphs rageer 

Roadbed „_ 139 232 

Stakes 161 245 

Steps 146 238: 

Subgrade 152 245 

Superelevation 156 256 

Switches 143,157 237,256 

Terminal facilities 137 231 

Ties 140 233 

Tracklaying 153 247 

Turnout 157 256. 

Yards 136 230 

Curvature: 

General 132 226 

Turnout 157 256 

Curves: 

General 147 240 

Superelevation 156 256. 

Curving rails 154 255' 

Cutting rail 155 255 

Definition 118 213 

Detour plan , , 121 215' 

Distances, economical . 119 213 

Divisions, operating and grand 122 215 

Dressing, track 153 247 

Equipment 120 213 

Expansion, rail 153 247 

Prog 143, 157 237, 256 

Fuel, locomotive _ 170 269 

Gage 138 232; 

Governing considerations 120 213 

Grade 146 238 

Gradient 131 226- 

Grading 152 245 

Grand divisions 122 215 

Guard rails 145 238 

Guard timbers , 158 264 

Joints ,. 142,153 235,249 

Lining, track. 153 247 

Loading cars 172, 173 280, 281 

Loads, securing 174 281 

Locomotives , 170 269 

Maintenance standards 120 214; 

Maintenance of way: 

Bridges 168 269 

Renewing rails 164, 165 267 

Renewing ties 163 267 

Section 160 265 

Signals 167 268 

Switches 166 268 

Tamping 162 266 

Track 161 266 

Water supply 169 269 

Materials required 153 253 

Movement of troops 119 213- 
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Bailways, military — Continued. , „ 

Operating-. Paragraphs Pages 

Divisions 122 215 

Rules 120 214 

Organization for tracklaying 153 247 

Paper location, new construction ^ 149 243 

Radius of curvature 147 240 

Rail fastenings 142 235 

Rail renewing 164, 165 267 

Railheads 124 218 

Rails: 

Curving 154 255 

Cutting 155 255 

General 141 235 

Guard 145 238 

Superelevation . . 166 256 

Railway artillery, passage 134 230 

Reconnaissance : 
Capacity: 

Cars 133 227 

Railway bridges 134 227 

Railways 130 225 

Captured 129 224 

Curvature 132 226 

Detailed 128 223 

For new construction 131 226 

Gradient 131 226 

Initial 127 223 

Regulating stations 123 216 

Rehabilitation of captured railways 159 264 

Roadbed 120,139 214,232 

Rolling stock 170,171 269,279 

Rules: 

Operating 120 2 14 

Safety 120 214 

Section 160 265 

Securing loads on cars 174 281 

Signals 126, 167 222, 268 

Spikes and spiking 142, 153 236, 250 

Split switch !_ 143 237 

Stakes, construction 151 245 

Standard trains 171 279 

Standards of maintenance 120 214 

Stations, regulating 123 216 

Subgrade 139, 152 232, 245 

Superelevation, rail 156 256 

Supplies, loading 173 281 

Supply : 

Requirements per locomotive 170 269 

Water, maintenance 169 269 

Surfacing 153 255 

Survey, preliminary 148 242 

Switch, stands 144 238 

Switches: 

General — — „ 143 237 

Maintenance „ 166 268 

Turnout 157 256 
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Railways, military — Continued. Paragraphs Pages 

Tamping, ballast 162 266 

Temperature expansion of rails^, 153 249 

Terminal facilities J 121,137 215,231 

Terminals, capacity 130 225 

Tie plates_ 142,153 236,247 

Ties: 

Bridge 158 263 

General . 140 233 

Renewing , , 163 267 

Tools, track 153 247 

Track 120 214 

Track maintenance 161 266 

Tracklaying . . 153 247 

Trains, standard „. . 171 279 

Trestle bridges 158 261 

Turnout 157 256: 

Type trains 17,1 279 

War 119 2i3 

Water; 

For locomotives 170 269 

Supply, maintenance 169 269 

Width of roadbed 139 232: 

Tards 136 230 

Reconnaissance: 
Bridge: 

Allowable load, determination 73,74 112,117 

General 70-80 110-138. 

Party 71 ill 

Reports 71,73 111,112 

Stringers 75 120- 

Supports 76 125 

Tactical 72 in 

Technical 73 112 

Construction sites 177 284 

Electrical: 

Captured terrain 241 370 

Form for report 242 370 

General 240 369- 

Party 239 369- 

Quarry sites 264 421 

Railway: 

Capacity: 

Cars T . ^ 133 227 

Railway bridges, „ 134 227 

Railways 130 225 

Captured railways 129 224 

Curvature 132 226: 

Detailed 128 223 

Gradient 131 226. 

Initial 127 223 

New construction 146 238 

Road 14 10 

Water: 

Equipment 206 337 

General 204 336. 
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Reconnaissance — Continued. 

Water— Continued. Paragraphs Pages 

Locating 1 potential sources 207 337 

Quality 308 338 

Quantity 209 338 

Reports 210 341 

Sources of information 205 335 

Regulating stations 123 216 

Rehabilitation of captured railways . , „ 159 264 

Reinforced concrete 263 419 

Reinforcing concrete shelters. _„ . „„ 263 420 

Repair: 

Bridges — . 104 188 

Roads : 

Delayed action mines _ 24 30 

General 22-38 26-57 

In forward areas — 22 26 

Mine craters 24 31 

Shell holes __ 24 31 

Trenches 24 30 

Requirements : 

Military bridge 83 140 

Unit, for buildings 194 317 

Water 227 363 

Reserved roads 5, 6 4, 5 

Rigging: 

Anchorages — . 246 385 

Blocks and tackles: 

General 247 387 

Manila rope 250 ■ 389 

Sizes 250 389 

Wire rope 250 389 

Chains, strength and weight 250 389 

Characteristics of knots 243 381 

Deadman 246 386 

Definitions 243 380 

Gin pole 249 389 

Holdfast 246 385 

Holding power of deadman 246 386 

Jacks ........ . . „ 250 389 

Lashing 245 384 

Rope, strength . 250 389 

Slings - 248 388 

Splices 244 383 

Standing derrick - — „ '- . 249 389 

Roadbed, railway ~ 120, 139 214, 232 

Roads: 

Area responsibility 2 2 

Asphalt 26 32 

Axial 6 5 

Belt 6 5 

Bituminous 23,27 28,36 

Blade graders 40 64 

Brick, maintenance and repair 26 33 

Bulldozers^ — ^ 40 62 

Capacity; 

Determining factors 3 3 

Effect of vehicle speed 3 3 
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52 


Corals _ _ _ _ 


29 


43 


Craters, repair _ _ 


24 


31 




18 


17 


Curvature __ ______ __ 


_ _ 8 


6 


Design requirements _ __ 
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Dimensions 
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Grading equipment 
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Improved 
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Maintenance and repairs. „__ _ 
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2fr-57 


Materials ____ __ _ __ 


_ _ _ 9,23 
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55 


Mines _ __ _ 
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30 


Nomenclature - ______ 
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Planning 
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9 


Plant and equipment. _ 


_ ___ 39-14 


57-66 
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40 
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Roads — Continued. Paragraphs Pages 

Power shovels 40 60 

Quarrying 39 67 

Reconnaissance . . . 14 10 

Repair : 

Delayed-action, mines 24 30 

General 22-38 26-67 

In forward areas 22 26 

Mine craters-, — „ 24 31 

Shell holes , 24 31 

Trenches 24 30 

Reserved. „ 5,6 4,5 

Rock transportation, „ . , 40, 41 60, 65 

Rollers 42 65 

Sand and clay- 30 44 

Scarifiers 43 66 

Scour, prevention „ 18 ' 18 

Scrapers , 40 62 

Shell 29 43 

Shell holes, repair 24 31 

Signs 10 7 

Snow removal 44 66 

Speed of vehicles 3 3 

Stabilized 32 46 

Subgrade 20 24 

Terrain, effect 11 8 

Thaw 11,19 8,21 

Traffic: 

Guards „_ 20 25 

In forward areas 2 2 

Necessity for regulation 5 4 

Signs 10 7 

Trails 38 56 

Tread 36 53 

Types 7,25 6,32 

Unimproved 12 9 

Widening 21 25 

Wire mesh 37 55 

Rollers 42 65 

Rolling stock 170,171 269,279 

Rope, (See Rigging.) 

Rules, operating, railway 120 214 

Safety; 

Factors, bridge 51 74 

Rules, railway 120 214 

Samples of water 210 341 

Scarifiers 43 66 

Scour, prevention 18 18 

Scrapers 40 62 

Section, on railway 160 265 

Sedimentation ^, „ , . . 217 351 

Segregation, prevention, in concrete 260 415 

Sheave, size of blocks 250 389 

Sneds, construction 189 306 

Shell holes, repair 24 31 

Shelters, concrete, reinforcing , 263 419 
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Paragraphs Pages 

Short span crossings 102 186 

Signals, railway 126.167 221,268 

Signs, traffic 10 7 

Sites, quarrying, selection 264 421 

Slump test for concrete 256 408 

Snow removal- . 44 66 

Softening water __, 220 355 

Sources : 

Electricity 231 

Water. (See Water supply.) 

Speed of vehicles 3 

Spikes and spiking, railway — 142, 153 

Springs . 209 

Stables 169 

Stakes, construction, railway 151 

Standard building, construction 181 

Standards of maintenance, railway 120 

123 



Stations, regulating 

Steel stringers: 

General . 50 

Safe working stresses 62 

Standard I-beams . 64 

Storage tanks, water - . 203 

Stream crossing; 

Boats 113-115 

Bridges, (See Bridges,) 

Perries 117 

Pords , 106-109 

Ice 110. Hi 

Rafts , 116 

Swimming 110, 112 

Stream flow 309 

Streams. (See Water supply.) 

Strength of concrete 256 

Stresses, in bridge design: 

General „ ^ 59 

Safe working 62 

Stringers 61, 63, 64, 75 

S upgrade : 

Railway 139, 152 

Road 20 

Summary: 
Bridges: 

General 81 

Standard, military 105 



Construction in war 

Military railways 

Roads 

Water supply , . . 

Superelevation, rail 

Supplies, loading on railway cars. 
Supply: 

Facilities, construction: 

Depots 

Ports 

Materials for construction , 



366 
4 

236, 247 
339 
306 
245 
288 
214 
216 

73 
92 
97 
334 

200-206 

208 
194-198 

198 

206 
198, 199 

339 

405 

87 
92 

91, 

94,95, 120 



232, 



245 
24 



201 
175 
45 
229 
156 
173 



196 
195 
179 



139 
193 
326 
282 
67 
364 
256 
281 



320 
319 
287 
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Supply — Continued. Paragraphs Pages 

Points, water 203 330 

Requirements per locomotive. _„ „„ 170 269 

Water, maintenance of. railways 169 269 

Supports, bridge 65,76 104,125 

Surfacing, railways 153 255 

Survey, preliminary, railway 148 242 

Swimming 110,112 95,199 

Switch stands 144 238 

Switches: 

General 143 237 

Maintenance 166 268 

Turnout 157 256 

Tackle. {See Rigging.) 
Tamping: 

Ballast 162 266 

Concrete 260 415 

Temperature : 

Effect on curing concrete 261 417 

Expansion of rails 153 249 

Tent frames, construction 183 301 

Terminal facilities, railways 121,137 215,231 

Terminals, capacity, railways 130 225 

Terrain, effect on roads 11 8 

Thaw, effect on roads 11,19 8,21 

Tie plates, railway 142,153 236,249 

Ties: 

Railway 1 140 233 

Railway bridge 158 261 

Renewing 163 267 

Timber: 

Piers 68 108 

Safe working stresses 62 92 

Time; 

Erection of buildings 194 317 

Installation : 

Railway turnouts 157 261 

Water distributing point 203 336 

Mixing concrete 258 410 

Tools, tract ' 153 254 

Track 120,161 214,266 

Track laying 153 247 

Traffiic. 
Road : 

Guards. „_„ 20 25 

In forward areas 2 2 

Necessity for regulation 5 4 

Signs 10 7 

Water supply point 203 330 

Trails . 38 56 

Trains, standard 171 279 

Tremie, placing concrete „- 262 419 

Trestle: 

Bents 65,76,95 104, 

126, 175 

Bridge 96 176 

Expedients 99 igi 

Railway 158 261 
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Troop facilities, construction: Paragraphs Pages 

Barracks 183 301 

Bathhouses 186 306 

Electric power 192 317 

Erection of buildings _ 194 317 

Heating 193 317 

Hospitals 190 308 

Kitchen 185 305 

Latrines 188 306 

Lavatories 187 306 

Mess hall 185 305 

Officers' quarters 184 305 

Semipermanent camps 182 299 

Sheds 189 306 

Standard building 181 288 

Water 191 317 

Truck, purification 223 357 

Trusses, bridge 77, 78 127 

Turnout, railway 157 256 

Vehicle weights - 57 82 

Ventilator, construction 181 288 

Warehouse, construction 196 320 

Water: 

For locomotives 170 269 

Prom streams 203 330 

In concrete 255 405 

Supply: 

Animal watering 203 331 

Camouflage of supply establishments 202 330 

Carbon, activated 221 356 

Constants, useful 226 362 

Consumption of water 227 363 

Dams 211 344 

Development of sources: 

Driven wells 215 349 

Dug weZls 214 347 

Existing wells 212 345 

New wells 213 346 

Surface sources 211 344 

Disinfection 219 353 

Distributing points, location, operation, 

and layout 203 33 1 

Distribution. (See Pipe distribution.) 

Duties of engineers 202 329 

Equipment 228 364 

Filtration 218 353 

Flow in pipes - 226 359 

Hydraulics, pipe 226 360 

Maintenance of, on railways 169 269 

Manning formula 226 359 

Organization for operating a water point- 203 330 
Pipe distribution: 

Pipe 225 359 

Pipe flow computations 226 359 

Systems 224 358 

Table of equivalents and constants. _ 226 362 
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Water— Continued. Paragraphs Pages 

Platform for storage tank 203 330 

Pumps 203 330 

Purification: 

Activated carbon 221 356 

Disinfection 219 353 

Filtration 218 353 

Methods 216 350 

Sedimentation 217 351 

Small purification plant 222 356 

Softening 220 355 

Truck 223 357 

Quality, determination , 208 338 

Quantity, determination 209 338 

Reconnaissance : 

Equipment 206 837 

Locating potential sources 207 337 

Quality of water 208 338 

Quantity of water 209 338 

Reports 210 341 

Sources of information _ 205 337 

Reports of reconnaissance 210 341 

Requirements _ 227 362 

Samples 210 341 

Sedimentation 217 351 

Softening 220 355 

Sources: 

Potential locating 2Q7 337 

(See also Water, supply, develop- 
ment of sources.) 

Springs 209 338 

Storage tanks 203 330 

Streams 203, 209 330, 338 

Supply points 203 330 

Traffic at water supply point _ 203 330 

Truck, purification 223 357 

Weir 209 338 

Wells: 

Artesian 209 338 

Driven 215 349 

Dug 214 347 

Increasing yield 212 345 

Rate of flow 209 338 

Selection of type 213 345 

Water-cement ratio for concrete . 256 405 

Weather, cold, handling concrete.-- 262 418 

Weights of vehicles 57 82 

Weir l 209 338 

Wells. (See Water supply.) 

Window sash, construction 181 288 

Wire, copper, characteristics 242 370 

Wood, in bridge building: 

Beams, rectangular, safe loads . 64 95 

Piers 68 108 

Safe working stresses 62 92 

Sizes 50 72 

Yards, railway 136 230 
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